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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS, 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OK USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
TTY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000). A CATALOG OP API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L. STREET, N.W., WASHINGTON, D.C. 20005. 


FOREWORD 


‘The procedures for installation of the instruments covered in this recommended practice 
are based on experience with and evaluation of many installations. They represent the in- 
‘stallation practices that yield the most consistently accurate results and have proved to be 
practical and safe. 

API publications may be used by anyone desiring to do sv, Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in ther; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict 

Suggested revisions are invited and should be submitted to the director of the Manufac- 
turing, Distribution and Marketing Department, American Petroleum Institute, 1220 L 
‘Street, N.W., Washington, D.C, 20005, 


IMPORTANT INFORMATION CONCERNING USE OF 
ASBESTOS OR ALTERNATIVE MATERIALS 


Asbestos is specified or referenced for certain components of the equipment described in 
some API standards. It has been of extreme usefulness in minimizing fire hazards associ- 
ated with petroleum processing. It has also been a universal sealing material, compatible 
with most refining fluid services. 

Certain serious adverse health effects are associated with asbestos, among them the se- 
rious and often fatal discases of lung cancer, asbestosis, and mesothelioma (« cancer of the 
chest and abdominal linings). The degree of exposure to asbestos varies with the product 
and the work practices involved. 

Consuit the most recent edition of the Occupational Safety and Health Administration 
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for As- 
bestos, Tremolite, Anthophyllite, and Actinolite, 29 Code of Federal Regulations Section 
1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for As- 
‘estos, 40 Code of Federal Regulations Sections 61.140 through 61.156, and the U.S. En- 
vironmental Protection Agency (EPA) rule on labeling requirements and phased banning of 
atbestoe products, published at $4 Federat Register 29460 (luly 12, 1989). 

‘There are currently in use and under development a number of substitute materials to re- 
place asbestos in certain applications, Manufacturers and users are encouraged to develop 
and use effective substitute materials that can meet the specifications for, and operating 
Fequirements of, the equipment to which they would apply. 

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR 
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM TRE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 
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SECTION 1—GENERAL 


1.1 Scope 

The material in Soctions 2-6 was previously presented in 
several sections of Part 1 of API Recommended Practice 
550, which is now out of print: 


a. Section 2—API Recommended Practice 550, Part I, Sec- 
tion 1, “Flow.” 

b, Section 3—API Recommended Practice 550, Part 1, Sec- 
tion 2, “Level.” 

c, Section 4-—API Recommended Practice 550, Par I, Sec- 
tion 4, “Pressure.” 

4, Section S—API Recommended Practice 550, Part I, Sec- 
tion 3, “Temperature,” 

e. Section 6—API Recommended Practice 550, Part 1, Sec- 
tion 8, “Seals, Purges, and Winterizing.” 


‘The procedures for installation of the instruments covered 
in this recommended practice are based on experience with 
and evaluation of many installations. They mpresent the in- 
stallation practices that yield the most consistently accurate 
results and have proved to be practical and safe. 

Process and environmental protection is covered in a gen- 
erat fashion in Section 6, Where required, specific instances 
of process and environmental protection are covered in Sec- 
tions 2-5, 

Tank gauging is outside the scope of Scction 3. ‘The ap- 
plicable publication is referenced in that section. 

Where appropriate, installation drawings, cautionary 
notes, and explanations are included. Vatves and piping that 
are typically covered in piping standards have been omitted 
from most installation drawings. 


1.2 Referenced Publications 

‘The latest edition or revision of the following standards, 
codes, and specifications shall, to the extent specified, form 
a part of this cecommended practice: 


ANSI! 
MC 96.1 Temperature Measurement: Thermocouples 


AP] 

RP550 Manual on Installation of Refinery Insiru- 
ments and Control Systems, Part 1, “Process 
Instrumentation and Control,” Section 7, 
“Transmission Systems” {out of print) 

RP550 Manual on Installation of Refinery instru 
ments and Contrat Systems, Part UI, “Fired 


Heaters and Inert Gas Generators” (out of 
print) 
RP552 Signal Transmitters and Air Supplies (in 
prees) 
RPS54 Control Centers, Instruments, and Control 
Systemes (in press) 
RP 555 Process Analyzers (in press) 
Std 606 Compact Carbon Steel Gate Valves—Ex- 
tended Body 
Publ 2218 = Fireproofing Practices in Petroleum and 
; Petrochemical Processing Plants 
RP 2350 Overfill Protection for Petroleum Storage 
Tanks 
Std 2545 Method of Gaging Petroleum and Petolewn 
Products 
Manual of Petroleum Measurement Standards, Chapter 4, 
“Proving Systems”; Chapter 5, “Metering”; 
Chapter 6, "Metering Assemblies”; Chapter 
7,“Temperatare Determination", Chapter 
14, “Natural Gas Fluids Measurement,” Sec- 
tion 3, “Concentric, Square-Edged Orifice 
Meters,” Part !, “General Equations and Un- 
certainty Guidelines"; Chapter 18, “Custody 
Transfer” 
ASME* 


B65 Pipe Flanges and Flanged Fistings 
PIC 19.3. Performance Test Code-Temperature Mea- 


surement 
ASTM? 
STP470B Manual on the Use of Thermocouples in 
Temperature Measurement 
NFPA‘ 


70 National Electrical Code 


"American National Standards Institute, 11 West 42nd Street, New York, 


New York 10036. 

American Society of Mechanical Engineers, 22 Law Drive, Bax 2300, 
Fairfield, New Jersey 07007-2300, 

American Society for Testing and Materials, 1916 Race Strect, Philadel- 
phia, Penntyivania 19103, 

‘National Fire Protection Aseocition, | Batterymarch Pure, PO. Box 9101. 
Quincy, Massachusetts 62269-9161. 
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SECTION 2—FLOW 


2.1 Scope 

This section discusses recommended practices for the in- 
stallation of the flow instruments commonly used in the re- 
fining process industry to indicate, record, and transmit flow 
measurements. Meter runs and custody transfer flow mea- 
surement are covered in Chapters 4, 5,6, and 18 of the APT 
Manual of Petroleum Measurement Standards. 


2.2 General 
2.2.1 CATEGORIES 

Certain basic procedures, practices, and precautions apply 
to the flow instruments discussed throughout this tecom- 
mended practice. Where applicable, the material covered in 
this section should be considered a part of the text of the dis- 
cussions in subsequent sections. Common devices for flow 
measurement fall into the following categories: 


a. Differential-head meters measure flow inferentially from 
the differential pressure caused by flow through a primary el- 
ement. Flow is proportional to the square root of the differ- 
ential pressure produced. This differential is sensed by 
diaphragms, bellows, or manometers. 

b. Variable-area meters (rotameters) work on the principle 
that a float within a vertical tapered tube will assume a posi- 
tion that is a function of the flow rate through the tube from 
the bottom. The float must have a density greater than that of 
the measured fluid. The annular area through which the flow 
must pass is the difference between the intemal area of the 
taper tube at the point of balance and the area of the float 
head, Since the internal area of the tube increases constantly 
and is continuously variable from bottom to top, whereas the 
float head area remains constant, the term variable area is 
used to describe this type of meter, At a constant differentia) 
pressure, flow ts directly proporional to arcu. 

c. Magnetic meters are obstructionless meters that measure 
the volumetric rate of flow of any liquid that has the required 
electrical conductivity, Rate is determined using Faraday's 
law of electromagnetic induction. 

d. Turbine meters measure volumetric fluid flow with a 
pulse train output, the frequency of which is picked up mag- 
netically from a rotor located in the flow stream and is lin- 
early celated to flow rate. 

©. Posttlve-displacement meters measure flow by mechani 
cally trapping successive volumetric segments of the liquid 
passing through the meter body. 

f. Vortex meters use an obstruction in the flowing stream to 
generate a vortex train of high- and low-pressure areas. 

g. Special meters include devices such as mass (namely, 
cotiolis and thermal), target, and sonic meters, which are of- 
ten used for special applications, The manufacturers of these 
devices should be consulted regarding specific applications, 


2.22 TRANSMISSION PRACTICE 


Hydrocarbons or other process fluids should not be piped 
to any instruments located in a control room. Standard indus- 
try practice is to convert the flow measurement to an electri- 
cal or pneumatic signal and transmit the signal to remote 
receiving instruments. It is alsn standard practice to transmit 
the flow measurement in local installations where long pip- 
ing or other methods would otherwise de required. Exampics 
inchide cases in which solids present in the process fluid 
cause plugging or in which differences in elevation could re- 
sult in head problems. Insulation and heating of long lines to 
prevent freezing are also minimized or eliminated by the use 
of transmission systems. 


2.2.3 ACCESSIBILITY 


All locally mounted fiow instruments should be readily 
accessible from grade, platforms, fixed walkways, or fixed 
ladders. A rolling platform may be used where free access is 
available to the space below the instruments, 


2.2.4 LOCAL INDICATION 

Where local indication is desired and nonindicating cans- 
mitters are used, output indicators should be provided. In ap- 
plications where flow can be manually controlled at a 
control-valve station, flow indication should be clearly visi- 
ble and readable from the valve location to permit manual 
contro] when necessary. This flow gauge should not be used 
to calibrate the transmitter. 


2.2.5 VIBRATION 


Most instruments are susceptible to damage, abnormal 
weas, or malfunction if mounted ina location where they sre. 
subject to vibration. If any part of the flow system or equip- 
ment is subject to vibration, the affected instruments should 
be provided with vibration-free supports. 


2.2.6 PULSATION 


Measurement of pulsating flow is difficult and should be 
avoided. Head-type flowmeters and instruments with me- 
chanical movements, such as positive-displacement meters 
and turbines, should not de used in pulsadng-flow applica- 
tions. The measurement is not dependable, and the pulsing 
may contribute to premature wear of the mechanical compo- 
nents. 


2.2.7. PURGING AND SEALING 


‘When viscous liquids or corrosive process fluids are mea- 
sured, or if there is a possibility of plugging where solids or 
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slurries exist, sensing lines to the sensing head of the differen- 
tial wansmitter should be protected by means of a diaphragm 
seal or purged impulse lines. The diaphragm seal unit should 
have wetted parts suitable for the fluid measured, and the ma- 
terials should be corrosion resistant (see Section 6). 


2.2.8 PIPING 


Process connections to the instruments should be fur- 
fished and installed in accordance with applicable piping 
and material specifications, All pipe should be deburred afer 
cutting and blown clean of cuttings and other foreign mate- 
rial before assembly, As an alternative to pipe, tubing of suit- 
able material may be used. This subject is covered in general 
dy the project piping specification. 


2.3 Measurement Devices 

2.3.1 DIFFERENTIAL-PRESSURE METERS 
2.3.4.1 Primary Elements 

2.3.4.11 General 


Differential pressure is the most commonly used method 
of flow measurement. Primary clements used to generate the 
differential pressure are gencrally one of the types described 
in 2.3.1.1.2 through 2.3,1.1.6. 


2.3.1.1.2 Orifice Plate 


‘The sharp- (square-) edged concentric orifice plate is the 
most frequently used clement because of its low cost and 
adaptability and the availability of established coefficients. 
For most services, orifice plates are made of corrosion-resis- 
tant materials, usually Type 304 or 316 stainless steel. Other 
materials are used for special services. Eccentric orifices or 
segmental plates should be used for very dirty fluids or slar- 
ties or wet gases; quadrant orifices should be used for vis- 
cous liquids. Advantages of orifice plates include good 
repeatability, case of installation, use of one transmitter re- 
gardless of pipe size, low cost, the wide variely of types and 
materials available, and the relative case with which they can 
be changed. Limitations of orifice plates include theis sus- 
ceptibility to damage by foreign material entrained in the 
fluid and to erosion. A straight ren of upstream and down- 
stream piping is required for an orifice plate. For details on 
orifice plates, refer to Chapter 14, Section 3, Part 1, of the 
API Manual of Petroleum Measurement Standards. 


2.3.1.1.3 Flow Nozzles 


Flow nozzles are used less frequently than are orifice 
plates. Their principal advantages are good repeatability, low 
permanent head loss and approximately 65 percent greater 
flow capacity for a given diameter than can be obtained un- 
der the same conditions with an orifice plate, and use of one 


type of transmitter regardless of pipe size. A straight run of 
upstream and downstream piping is required for s ow noz- 
ale (see Figure 1). The limitations of flow nozztes are higher 
cost; lack of extensive data, compared with orifice plates, 
limited application on viscous liquids; and the fact that flow 
calibration is recommended, 


2.3.1.1.4 Elbow Meters 


Elbow meters are used In installations where vetocity is 
sufficient and high accuracy is not required. Advantages of 
elbow meters include good repeatability, high level af econ- 
omy, ease of installation, ability to be bidirectional, very low 
pressure Loss, minimum requirement for upstream piping. 
and use of one type of transmitter regardless of pipe size. 
Limitations of elbow meters include their lack of fitness for 
low-velocity services, poor accuracy, and low differential for 
given flow rates. 


2.3.1.1. Venturi and Flow Tubes 


Venturi and flow tubes are used where high capacity and 
minimum head loss are critical factors. Their advantages are 
good repeatability, low permanent loss, applicability to slur- 
ries and diny fluids, and use of one type of transmitter re- 
gardless of pipe size (see Figure 1). The limitations of 


bed DALL TUBE 


GENTILE TUBE 


Figure 1—Flow Nozzle, Venturi Tube, and 
Flow Tubes 
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venturi and flow tubes include high cost (they are generally 
the most expensive differential-pressure producer) and the 
size and weight of the installation, which may require addi- 
tional support. A straight run of upstream and downstream 
piping is required for a venturi or flow tube. 


2.3.1.1.6 Pltot Tubes and Pitot Venturis 


Pitot tubes and pitot venturis are used where minimum 
pressure drop is required and accuracy is not of prime con- 
cem. Advantages of pitot tubes and pitot venturis include 
very low cost, availability of averaging types, use of one 
type of transmitter regardless of pipe size, and ability to be 
added on stream with a hot tap. Limitations of pitot tubes 
and pitot venturis include their requirement for a low-range 
differential transmitter and their dependence on flow profile 
for accuracy. A pitot venturi requires a larger tap size, and in- 
stallation requires special attention to clearances. A straight 
run of upstream and downstream piping is required for & 
pitot tube or pitot venturi (see Figure Z). 


2.3.1.2 Differential Measuring Devices 
2.3.1.2. Genoral 


Several types of measuring devices are used to determine 
the differential produced by the primary element. Flow is 


Vent valve 
Vent pot. 


‘To differential instrument 


Flexible hose 


1" x 1° (40-mm x 28-mim) reducer 
1%" (40-mm) gata vale 
144° (40-mm) coupting 


Figure 2——Pitot Tube installation 


proportional to the square root of the diflerential; therefore, 
to maintain accuracy at low flow readings, a range greater 
than 3:1 is not recommended. Multiple transmitters or mi- 
croprocessor-based transmitters may be used to increase 
range. To calibrate the flow measuring or differential device, 
& manometer or precision test gauge should be used to tead 
the differential input. The calibration devices should be grad- 
uated in the same units as the meter range (for example, 
inches of water). Pneumatic outputs may be read on the same 
type of device, Electronic devices require a precision volt- 
meter or ammeter, Total flow may be obtained by manually 
integrating the flow chart with a planimeter or by equipping 
the meter with an integrator. Corrections must be applied for 
changes in the condition of the flowing stream for deviation 
from origina) flow calculations, The most commonly used 
differential-pressure measurement devices are described in 
2,3.1.2.2 and 2.3.1.2.3. 


2.3.1.2.2 Diaphragm Transmitters 

Differential-pressure transmitters of the diaphragm type 
are extensively used in refinery units. To provide overrange 
protection and dampening, the body or capsule of the trans- 
mitter is filled with liquid. The transmission signal may be 
either pneumatic or electronic. Because of their low dis- 
placement, these instruments can generally be used without 
aseal or condensate pot. Line mounting is preferred if the lo- 
cation is accessible and has minimum vibration. Gas meters 
are mounted above the line to allow any condensate to drain 
back. Liquid meters are mounted below the line to prevent 
gas or Vapor from being tapped in the sensing lines, which 
could cause errors from unequal static heads. 


2.3.1.2.3 Bellows Meters 


Ina bellows meter, the bellows is opposed by a calibrated 
spring system and is filled to prevent rupturing when the bel- 
lows is overpressured and to provide pulsation damping. 
Bellows meters can be line mounted or remotely mounted at 
grade or on platforms with adequate support. Seal chambers 
or condensate pots may be used; however, a 4-inch (20-mil- 
limeter) tee has sufficient volume to act as a liquid seal or 
condensate pot in steam or condensable-vapor service for in- 
struments that displace less than t cubic inch (16.4 cubic 
centimeters) with full-scale deviation. If the displacement is 
greater than 1 cubic inch (16.4 cubic centimeters) or if the 
differential of the instrument is low compared with the col- 
umn displacement, regular condensate pots should be used. 


2.3.1.3 Installation 
2.3.1.3.1 General 

Installation of differential-pressure Row devices is gener- 
ally the same regardless of the type of primary element and 
requires consideration of the factors described in 2.3.1.3.2 
through 2.3.1,3.4. 
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2.3,1.3.2 Meter Location 


Close-coupled mounting is preferred for transmitters. 
Whea close coupling is net available, the meter should be 
mounted at a convenient height of 4 or § feet (1.2 or 1.5 me- 
ters) above grade, platforms, walkways, ot other permanent 
means of access, 


2.3.1,3.3  impuise Lines 


Impulse lines for remote devices should be as short as 
possible, 3 feet for clase-coupled transmitters and preferably 
not more than 20 feet (6-meters). For liquid measurement the 
lines should slope down at least 1 inch per foot from the ori- 
fice taps. 

Meter piping should be designed and installed in accor- 
dance with the piping specification for the service involved. 
It is preferable to use Type 304 or better stainless steel tubing 
with a minimum outside diameter of 4 inch (15 millimeters) 
for mater impulse leads. In special cases or where user pref- 
erence dictates, %-inch (15-millimeter) Schedule 80 or heav- 
ier pipe may be used, 

All locally mounted instruments and impulse ines han- 
dling water or process fluids that may freeze, become exces- 
sively viscous, or form hydrates in cold weather should be 
installed in accordance with Section 6. 

Meter-connecting piping and manifolding is a source of 
meter inaccuracy, It is possible to develop more liquid head 
in one meter Iéad line than the other because of differences 
in specific gravity, temperature, or the amount of gas or wa- 
ter in the lines. For example, if the meter is 100 inches (2.5 
™meters) below the orifice, with one side filled with water and 
the other side filled with a liquid that has a specific gravity of 
0.65, the zero error will be 35 percent of full scale for a 100- 
inch (2_5-meter) range, Note that most hydrocarbon streams 
contain some water. Mounting the meter or transmitter close- 
coupled to the meter taps greatly reduccs head error from 
differences in specific gravity or from vapor binding. 


2.3.1.3.4 Meter Manifolds 


Manifolds are recommended on all differential-pressure 
measuring devices for checking zero and for isolating the 
meter from its process service. Special manifold vatves pro- 
vide reliable, convenient, simplified installations and are 
commonty used altematives to individual block-and-bypass- 
valve assemblies. 

Yaiving for close-coupled transmitters requires process 
blocks at the orifice flange and an equalizing bypass valve at 
the meter, This can be accomplished by using conventional 
Tine-clasg valves, installed with rigid pipe nipples with male 
inlets that fit directly inta the orifice fange taps, for the 
Process biocks, Short impuise lines connect the valves to the 
special bypass manifold valve, which is mounted directly on 
the transmitter, These manifold valves can be adapted to fit 
Most manufacturers" transminers (see Figure 3). 


At-grade or remote installations require additional consid- 
erations. Valving at the orifice flanges is the same as for 
close-coupled transmitters, but valving at the meter requires 
different configurations (see Figure 4). 

Special process or maintenance considerations may re- 
quire the addition of drain or blowdown valves, condensate 
drip legs, and vents, In some services it is necessary to pro- 
tect meters from the process or to reduce potential errors 
caused by vapor condensation in the meter leads. In steam 
and condensable service, a means must be provided of main- 
taining an equal liquid head on cach side of the meter (see 
Figure 3). 

Additional requirements may include seals and purges. 
‘These are discussed later in this section. 


2.3.2 VARIABLE-AREA METERS 
2.3.2.1 . General 

Variable-area meters are available as indicators, tranemit- 
ters, recorders, local controllers, totalizers, and many combi- 
nations of these, with or without alarms. They are often used 
a5 purge meters for the sensing elements of other instrumen- 
tation and process equipment. 

Cther typical uses include measurement of the following 
fluids: 


8. Liquefied petroleum gas or other volatile liquids. 

b. Liquids that require heat to prevent congealing or freez- 
ing. (Jacketed meters are available that use steam or another 
beating medium.) 

¢. Sfurries or streams with suspended solids, (The meter 
manufacturer should be consulted regarding application.) 
d. Acids, 


Advantages of variable-aree meiers include wide fow 
range (for example, 10:1), lincar transmitter output, and min- 
imal effect of gas compressibility, Limitations of variable- 
arca meters include theis lack of availabitity in all materials; 
viscosity ceiling limits, which are provided by manufacturers 
and must be observed; their need to be installed vertically, 
which usually requires additional piping; the difficulty of 
checking calibration; the difficulty of changing range; the re- 
quirement for a minimum back pressure for gas applications; 
the fact that their magnetically coupled indicators or trans. 
mitters are subject to errors if metal particles accumulate; 
and the requirement for shutdown of process lines to take 
these meters out of service, unless blucks and bypass are 
provided, 


2.3.2.2 Installation 

A yasiable-area meter should be installed in a location that 
is free from vibration and has sufficient clearance for occa- 
sionat float remaval for service or inspection. The meter 
should be readable and readily accessible for operation and 
maintenance. In general, when a meter is to be used in reg- 
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‘Notes to Figure 3: 

1. Tmpabse leads should be kept to ¢ cinimura length, 

2. A positive slope. at least 1:12 for all leads, should be provided. This will 
‘prevent pockets and provide posidve venting or draining. 

3. The Righ-pressure tide of the instrument ahould be connected 1 the Op- 
stream tap, 

4, Fok Liquid service in vertical lines, upflow is preferred to prevent buildup 
of vapor or trash above the plate, 

$. For liquid, steam, of condensable-vapor service, meters should be in- 
atalled below the taps. 

6. For gas scrvice, meters should be installed above the taps. 

17. For learn service, both fll ees (condensate pats) must be installed at the 
sarue centerline elevation a6 that of the upper tp. 

8. Flowmeter installations for vena contract oF pipe tap connections art 
similar vo those shown for fiange ape. 


ulating service, it should be placed as clase as possible up- 
stream of the throtding point, 

YVariable-arca meters must always be mounted vertically, 
with the outlet connection at the top of the meter and the in- 
let connection at the bottom. 

Mont variable-area Row measurement is independent of 
upstream piping arrangements. Elbows, globe or throttling 
valves, and other fittings have essentially no effect on mea~ 
surement accuracy if they are no closer than 5 pipe diameters 
upstream of the meter. 

When vertical or horizontal connections are interchange- 
able, horizontal connections are recommended. Horizontal 
connections permit the use of the plugged vertical openings 
as convenient cleanout ports. The design of most variable~ 
area meters permits the end fitting tn he rotated in 9-degree 
increments. Piping connections for variable-area meters are 
shown in Figure 6. All piping should be properly supported, 
and care must be taken to avoid any strain on the meter body, 

Biock and bypass valves shouid be provided where oper- 
ating conditions do not permit shutdown while the meter is 
being serviced. The bypass line and valves should be the 
same size as the meter, Block vafves should be installed up- 
stream and downstream of the variable-area meter. A drain 
valve should be provided. For a variable-area meter installa- 
tion with a bypass, care must be taken to ensure that the by- 
pass valve is tightly closed when the meter is in service. 

Armored meters must be used to measure hydrocarbons. 


2.33 MAGNETIC FLOWMETERS 
2.3.3.1 General 


A magnetic flowmeter measures the volumetric rate of 
flow of any liquid that has adequate electrical conductivity, 
‘Most petroleum hydrocarbons have insufficient conductivity 
to be measured with a magnetic flowmeter; therefore, use in 
petroleum industry applications is limited to certain water, 
acids, emulsions, and other conductive liquids, A magnetic 
flowmeter consists of two parts—a primary clement, in- 
stalled directly in the process line, and a secondary element, 
the electronic transmitter. The meter generates a signal pro- 
portional to the rate of flow, 


Magnetic flowmeters are widely applied on slurries, since 
these meters are obstructionless, and on corrosive fluids, 
since only the liner and electrodes are in contact with the 
process stream. They are suitable for very viscous fluide or 
where negligible pressure drop is desired, 

Magnetic flowmeters have the following advantages: 


a. Their accuracy is typically £0.5 percent of full scale. 
About 1-1% percent of actual flow rate is attainable. 
'b, They respond only to the velocity of the flow stream and 
are therefore independent of density, viscosity, and static 
pressure. 
& They have rangeability of 10:1 or greater. 
d. They can be used to measure bidirectional flow. 
e. Fluid temperatures from —40°F to +500°F (~40°C to 
+260°C) can be handled. 
f. Fluid pressures from full vacuum to 30,000 pounds per 
square inch (204 megapascals) can be handled. 
g- Pressure drop is negligible. 
h. A wide variety of sizes are available, from /o inch (2.5 
millimeters) upward. 

Magnetic flowmeters are limited by the following charac- 
teristics: 
a. The process fluid must generally have a conductivity 
greater than 2 micromthos per centimeter. (Special-canduc- 
tivity units are available for fluids with a conductivity as low 
as 0.1 micromho per centimeter.) 
b. Special care is required for erosive application. 
c. They cannot be easily calibrated in place. 
d. Their cast is moderate to high. 
c. Large sizes are very heavy. 


2.3.3.2 Installation 


Considerable care must be exercised when the magnetic 
flowmeter's primary element is installed in the pipeline. Spe- 
cial care must be taken to prevent damage to the liner and to. 
ensure that grounding requirements are met. The manvfac- 
turer's installation recommendations should be followed, in- 
cluding consideration of upstream and downstream piping 
requirements, The transmitter is built on a rugged piece of 
pipe, but it should be handled as a precision instrument. 

‘The transmitter should be accessible from grade or from a 
platform with enough space around it to permit removal of at 
least the top housing if necessary. Sufficient access should be 
available for removal of any inspection plates. 

‘The magnetic flow transmitter tube may be installed in 
any position (vertical, horizontal, or at an angle), but it must 
tun full of liquid to ensure accurate measurement, If the tube 
is mounted vertically, flow should be from bottom to top to 
ensure that the pipe is full. If the tube is mounted horizon- 
tally, the electrode’s axis should not de in a vertical plane. A 
small chain of bubbles moving along the top of the flow line 
can prevemt the top electrode from contacting the liquid. 
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LIQUID SERVICE, 
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WET OR DRY GAS SEAVICE, 
METER ABOVE TAPS 


Nowss 
1, Motor leads should be kept as short as possible (maximum of 20 feet), 
2. For mort festruments, when scaling is required, X-ineb fill toes usually 
pork ough ond secugh condensate voluras. 

Dock valves with 8 abould be 
HD Tne Bee alee camila mur be ane io 
4, For liquid meters above an orifice, a seal leg should be provided below 


each tap. 
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Direction of 
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=— Downstream 


DRY GAS SERVICE, 
if J METER BELOW TAPS 


Direction of flow 


LP 


‘Siope mis poron 
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WET GAS SERVICE, 
METER BELOW TAPS: 


5, For vapor meters above 4a orifice, a continuous slope back to the Lape 
should be provided. 

&. For dry gas meters below an orifice, drip pots are not required. 

7. For wet gas meters below an orifice, the upper tection of the impulse lead 
should be sloped back to the orifice, and suitably sized drip pota shoald be 
provided at lower meter connections. 

8. Where redundant impulee line blocks are not required, a single-tabe-fite 


ting bypass valve may be used. 


Figure 4—Remotely Mounted Ditferential-Prassure Flowmeters for Liquid and Gas Service 
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Notes: 
1, Ln general, %-nch toes provide condeasste pots of suffi- 
cient capacity. 

2. When required, blowdown connections should be pro 
‘vided above the threo or five-valve manifold block. Blow- 


$. Vert valves are optional but highly desirable. Thelr vent 
‘port should be oriented away from the normal operator sp- 
proach, 

‘Where pots are insualled abave the meter te provide liq- 
id seal for either steam or condensable vapor, the impulse 
leads should be insulated ocly between the orifice tap and 
the pot,except where winterizing is required, 

7, Insulasion is 201 required where the raster fe above the 
orifice and the pots are installed at the Laps, except where 
‘winterizing is required, 

4. Te provide the praper seal, leads must bé connected to 
the appropriate botiom or end connections, ax shown in the 


Horkontal 


f 
STEAM SERVICE, METER BELOW TAPS 90 Where redundant impulse tne blocks ae wot require, 
(WITH CONDENSATE POTS AND BLOWDOWN) a inglo-nube.fiting bypass valve nuay be used, 


Figure 5—Remotely Mounted Ditferentia!-Pressure Flowmeters for Steam or Condensable-Vapor Service 
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Figure 6—Varlably-Area Mater Piping Configurations 


Vertical mounting with a straight run un the inlet side and 
upward flow is recommended if an abrasive slurry is being 
measured, This arangement distributes wear more evenly. 


2.3.2.3 Electrical installation 


Power for magnetic flowmeters should be supplied at a 
voliage and frequency within the tolerance specified by the 
manufactures, 

Special low-capacitance cable is used to carry the gener- 
ated signal from the primary element to the transmitter. The 
signal cable must rot be installed close to the power cable or 
in the same conduit a the power supply. The manufacturer's 
Tecommendations should be observed. 

‘The importance of proper grounding, which is necessary 
for personnel safety and satisfactory flow measurement, can- 
Not be overemphasized. The manufacturer's instructions for 
grounding should be followed carefully. A continuous elec- 
trical contact to the same ground potential is necessary be- 
tween the flowing liguid, the piping, and the magnetic 
flowmeter. This continuous contact is especially important if 
the conductivity of the liguid is low. How contactis achieved 
depends on the meter's construction and whether adjacent 
Piping is unlined metal, lined metal, or nonmetallic, Jumpers 
from the meter body to the piping are always required, If the 
meter is installed in nonmetallic piping, it is always neces- 
sary lo make a gropnding connection to the liquid. This con- 
nection is achieved by means of a metallic grounding ring 
between the flanges, unless internal grounding has been pro- 
vided in the wansmitter. The grounding connection is ex- 


tremely important and must be installed as recommended if 
the system is to operate properly. 

Most magnetic flowmeters have their signal and power 
connections enclosed in splashproof or explosionproof hous- 
ings. The connections must be sealed in accordance with the 
maoufacturer’s instructions and any applicable codes. Great 
care must be exercised in this area. 


2.3.3.4 Start-Up and Callbration 

No special procedures need be observed during start-up, 
since the magnetic flowmeter is obstructionless, but there are. 
often electrical adjustments that must be made, The manu- 
facturct's instructions should be consulted regarding these 
procedures. 


23.4 TURBINE METERS 
2.3.4.1 General 

‘Turbine metera are used where their accuracy and range- 
ability are required. Their major application is for custody 
transfer and in-line product blending, The pulse outputs of 
turbine meters may be scaled for direct totalization in engi- 
neering units. Queputs from turbine meters are suitable for 
control or recording applications and are ideally suited for 
batch control applications, Compensation for nonlinearities 
due ww viscosity is also available, 

Turbine meters have the following advantages; 
a. Accuracy of 0.25 percent of rate with a repeatability of 
6.16 percent or betier is normal. (To obtain the highest accu- 


Process McASUREMENT INSTRUMENTATION. al) 


racies, some form of meter proving is recommended.) 
b. Rangeability varies depending on meter design, fluid vis- 
cosity, density, and meter size. 
¢. A high flow rate for a given line size is obtainable. 
d. Designs for very low flow rates are available. 
e. Turbine meters are available for a wide range of temper. 
ature and pressure ratings, 
f. Specially designed turbine meters are available for bidi- 
rectional flow. 

Turbine meters are limited by the following characteris- 
tics: 
a. They are susceptible to wear or damage if the process 
stream is dirty or nonlubricating. 
b. They are susceptible to damage from overspeed and puls- 
ing flow. 
. They require maintenance and may require return to the 
manvfacturer for recalibration after a bearing change or 
other maintenance. 
d, Their rangeability is affected by high viscosity and low 
density. 
s. Their cost is relatively high. 
f. They require strainers. 
& Provers are required to maintain calibration accuracy. 


2.3.4.2 Installation 
2.3.4.2.1 General 


Turbine meters are installed directly in the process line. 
The line should be relatively free from vibration. Meters 
with integrally mounted, direct-reading registers should be 
positioned so that they can be'easily read and maintained. 

‘Turbine meters are normally installed in horizontal lines 
but may be installed in vertical upfiow lines. It is necessary 
to specify the pasition in which the meter is to be calibrated. 
Calibration for the installed position is required. 


2.3.4.2.2 Piping 


‘The sccuracy and repeatability of measurements from tur- 
bine meters depend on the upstream and downstream piping. 
In addition to sufficiently tong straight runs upstream and 
downstream, straightening vanes are required for high accu- 
racy. 


2.3.4.2.3 Bypass Piping 


The need for bypass piping for turbine meters is deter- 
mined by the application. It may be necessary to isolate or 
disassemble the meter for maintenance purposes. In contin- 
uous-service applications, where shutdown is considered un- 
desirable, block and bypass valves must be provided to 
permit process operation while the meter is being serviced. 
Conditions that may necessitate disassembly of the meter in- 
clude damage caused by foreign material, wear, or buildup 


of solids. If the meter is bypassed, it should be in the main 
mn, with the line-size block valves placed beyond the me- 
ter’s required upstream and downstream piping runs. The by- 
pass valves must be capable of positive shutoff to prevent 
measurement errors. The bypass piping installation should 
be free draining. 

Bypasses are not permitted for custody transfer applica- 
tions, 


2.3.4.24 Stralnors 


All turbine meter installations should have strainers to 
prevent damage to the meter rotor, The strainer must be ca- 
pable of removing particles of a size that might damage the 
rotor and bearings. The strainer should be located upstream 
of the required meter run. 


2.3.4.3 Electrical Installation 


‘The signal from a turbine meter is a low-level pulse, 
which makes it especially susceptible to noise pickup. 
Shielding of signal wires is recommended to eliminate spu- 
rious counts. If the transmission distance is more than 10 feet 
(3 meters), a preamplifier is recommended. The manufac- 
‘turer's instructions should be consulted for details. 


2.3.4.4 Start-Up and Calibration 


Care must be taken to prevent damage to the turbine meter 
at initial start-up. The mews should be placel ir service only 
after the process line has been flushed and hydrostatically 
tested. If strainers are used, they should be cleaned after 
flushing and periodically during operation. Flow should be 
introduced slowly to the meter to prevent damage to the im- 
peller blades as a result of sudden hydraulic impact or over- 
speed. 

Ths calibration factor, expressed in electrical pulses gen- 
erated per unit volume of throughput, is normally called a K 
(meter) factor. The K factor depends on fluid conditions, ic 
determined when the flowmeter is calibrated, and is inherent 
for the particular meter roxor. X factors of meter rotors vary 
within the same meter body size. No field adjustment may be 
made to the primary sensor. 


2.3.5 POSITIVE-DISPLACEMENT METERS 
2.3.5.1 General 


‘The basic types of positive-displacement meters are nutat- 
ing disk, oscillating piston, fluted rotor, rotary (lobed im- 
peller and sliding vane), and oval-shaped gear. 

Positive-displacement meters measure flow by mechani- 
cally trapping successive volumetric segments of the liquid 
passing through the meter. The number of segments is con- 
verted to shaft rotation. A gear train and calibrator convert 
shaft rotation to the appropriate volumetric units. 
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‘Temperature compensators are available to correct the 
‘output as the fluid temperature changes. Pulse generators are 
available to provide pulse ourputs for meter proving or re- 
mote readout, 

Positive-displacement meters are used because of their ex- 
cellent repeatability over wide flow ranges, They are used for 
heavy or viscous fluids in custody transfer and product- 
blending applications. 

Positive-displacement meters have the following advan- 
tages: 

a. Attainable accuracies are 0.05—0.15 percent of actual 
flow. Ensuring high accuracy requires some form of meter 
proving. Typical repeatabilities are 0.02-0.05 percent. 

b, Rangeability is normally 10:1. Positive displacement me- 
ters have excellent rangeability and accuracy, particularly 
with heavy or viscous fluids. 

&, Positive-displacement meters come in a range of sizes. 

Positive-displacement meters have the following disad- 
vantages: 

a. They are subject to mechanical wear. 

b, They are not interchangeable and must be supplied to 
match the service. 

c. They require filter/strainers. 

id. Their installation requires special considerations. 


23.5.2 Inetallatlon 


Positive-displacement meters are installed directly in the 
process piping and can be a source of vibration. Adequate 
foundations should be provided (refer to the manufacturer's 
recommendations). 

Positive-displacément meters are normally installed in 
horizontal lines, Certain types are specifically designed for 
vertical lines. Meters should be installed so that the meter 
case ot body is not subject to piping strain. The piping 
should be arranged so that the meter is always full uf Liquid. 
Adequate back pressure may be required to eliminate the 
possibility of vapor release. 

For continuous process services, a bypass around a posi- 
tive-displacement meter is recommended. For custody trans- 
fer, bypasses are not permitted, Positive-displacement meters 
should always be installed with an adequate strainer to pre- 
vent foreign matter from damaging the meter or causing ex- 
cessive wear, the manufacturer's recommendation on mesh 
size should be ubscrvel, Where excessive amounts of debris 
are entrained in the fluid, strainer pressure drop should be 
monitored. 

‘The installation of a positive-displacement meter should 
be designed to avoid air or vapor in the piping. Where the 
design does not allow for this, air eliminators should be con- 
sidered, Air eliminators can leak or have inadequate capacity 
to protect the meter from slugs of air or vapor, such elimina- 
tors should be removed and repiaced, 


2.3.5.3 Start-Up and Calibration 


Positive-displacement meters can be damaged or de- 
stroyed during initial start-up. The manufacturer's instruc- 
tions, as well as the following general guidelines, should be 
followed during start-up: 


2. Positive-displacement meters and air eliminators should 
be installed in the line only after the piping has been flushed 
and hydrostatically tested. 
b. The meter and strainer basket should be installed after the 
piping has been flushed. 
c. Strainer pressure drop should be monitored, and strainers 
should be cleansed as required. 
d, Extreme care must be taken to vent air from the piping. 
Flow should be introduced slowly to prevent hydraulic 
shock. 
¢, Custody transfer meters must be proved initially and at 
tegular intervals. 

Piping for custody transfer service should be designed to 
allow for easy proving and maintenance of meters. 


2.3.6 VORTEX METERS 
2.3.6.1 General 


A vortex train is generated when a bluff-body obstruction 
is placed in a liquid or gas stream. This train of high- and 
low-pressure areas can be measured by sensors on the body 
or the pipe wall. The frequency of pressure changes is linear 
to the velocity of the fluid stream. Since flow in any pipeline 
is a function of cross-sectional area and velocity, a direct re- 
lationship exists between frequency and flow rate. Vortex 
Meters are used in applications that require wide rangeability 
and accuracy, 

Vortex meters are commonly used in the following ser- 


a. Suna. 

b. Cooling water. 

c. Process water. 

4. Light hydrocarbons where large tumndown is required. 
¢. Gas flow where large turdown is required. 


Vortex meters have the following characteristics: 


4. Wide rangeability (for Reynolds numbers above 10,000). 
b. Anaccuracy of | percent of rate. 

«. A wide range of sizes. 

d. Linear outpui. 

¢. Availability of pulse and anstog outputs. 


‘Vortex meters have the following limitations: 
a. A limited range of construction materials is available. 
b. Vortex meters are generally not suitable for slurries or 
high-viscosity liguids. 
¢, Users cannot check calibration. 
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d. Turbulent fiow is required. 

e, Vortex meters have overrange limitations. 

f. Strainers may be required, 

g. Vortex meters are affected by pulsating flow. 


23.62 Installation 


‘Vortex meters are installed directly in the process piping 
and arc normally supported by the piping. They may be in- 
stalled in any orientation. A vortex meter should bs installed 
so that the meter body is not subjected to piping strain. In 
liquid applications, the piping shou'd be arranged so that the 
meter is kept full. 

Block and bypass valves should be provided when operat- 
ing conditions do not permit shutdown. 


2.3.6.3 Start-Up and Calibration 

Vortex meters are sometimes damaged during start-up of 
new installations as a result of debris in the line, The line 
should be flushed and hydrostatically tested before the meter 
is installed, 

Since velocity profile is critical, it is imperative that gas- 
Kets not protrude into the flow stream when flanged meters 
are installed. 

Field calibration of vortex meters is limited to electrically 
spanning the converter or, on & pulse-output type. adjusting 
the scaling factor. 


2.3.7 MASS FLOWMETERS 
23.7.1 General 


Mass flowmeters are of two basic types and have limited 
use in the refining industry. The installation and use of these 
instruments should closely follow the manufacturer's recom: 
mendations, This section is intended to summarize the fea. 
tures and philosophy of these devices. 


2.3.7.2 Mass Flowmeter-—Coriolis 


Coriolis mass flowmeters measure mass units directly. 
Fluid flow through a tube vibrating at its natural frequency 
produces a coriolis force. The resulting tube deflections are 
measured and signaled proportionally to generated mass 
flow, 

A Coriolis meter can be used with liquids, including liq- 
uids with limited amounts of entrained gas, and slurries. A 
Coriolis meter can also be used with dry gases and super- 
heated steam if the fluid’s density is high enough to operate 
the unit properly. 


Although Coriolis meters are ncnintusive, in some de- 
signs the flow path through the meter is circuitous. In addi- 
tion, the flow is generally separated into two tubes that are 
tauch smaller in cross-sectional arca than is the inlet process 
piping. For this reason, itis relatively easy for any secondary 
phase to build up in 9 meter that has not been carefully in- 
stalled. The pressure loss can be substantially higher than 
that in other types of nonintrusive elements, end cavitation 
and flashing can be problems with volatile fluids. 

Start-up problems with Coriolis meters are typically due 
to improper installation. Installation should be strictly in ac- 
cordance with the manufacturer's recommendations. Pres- 
sure containment enclosures are available when required, 
‘These meters are not affected by distortion of the velocity 
profile and do not require metering runs. 

Although Coriolis meters generally cost much more than 
other types, they measure mass flow rate without the need 
for additional elements. The applications for these meters 
have been limited to difficult fluids or applications in which 
their accuracy justifies the higher cost (such as in billing, 
custody transfer, and batching and blending services). 


2.3.7.3 Mass Flowmeter—Thermal 


Thermal mass flowmeters are generally of two 
‘types—those that measure the rate of heat loss to # stream 
from a heated body, and thuse thal measure the temperature 
rise of a stream as it passes over or through a hot body. Mass 
flow is inferred from the fluid’s physical properties, such as 
thermal conductivity and specific heat, which are indepen- 
dent (within limits) of temperature and pressure, 

In one design, a heat source raises the temperature of the 
fluid as it passes through a meter detector channel that con- 
tains three thermistor beads mounted in a line parallel to the 
flow. The center thermistor is heated by a current source, and 
the other two are placed an equal distance upsueam and 
downstream front it, Voltages developed across the two aut- 
side thermistors, as a result of heat transfer into the fluid, 
generate the mass flow measurement. Dirt in the flow stream 
can clog the detector channel, which has a smatler diameter 
than does the bypass channel that handles most of the flow. 

In another type of thermal meter, an immersed sensing ¢l- 
ement is heated to 2 constant temperature higher than thas of 
the fluid stream, and a sensor responds to the cooling effect 
of fluid molecules passing by. An ambient temperature sen- 
Sor, an integral part of the mass flow circuit, compensates the 
circuit over a wide range of process temperaturts, These me- 
ters must be calibrated for the specific fluid, because the in- 
ferred flow rate is related to several of the fluid’s properties. 
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SECTION 3—LEVEL 


3.1 Scope 


This section discusses recommended practices for the in- 
stallation and general application of the more commonly 
used instruments and devices for indicating, recording, and 
controlling the liquid and solid levels and liquid-liquid inter+ 
face levels normally encountered in petroleum refinery 
Processes, 

A wide variety of level instrumentation is currently avail- 
able, Selection and proper installation depends on a number 
of variables, such as (a} the type of vessel, fluid, or material 
involved (namely, solids, granules, liquids, or a liquid-liquid 
or liquid—foam interface), (b) process conditions (namely, 
Pressure, temperature, specific gravity, boiling point, viscos- 
ity, and pour point), (c) what the instrument is to accomplish 
(monitoring, on-off oc modulating control, or alarm), and (d) 
‘whether the signal is to be electronic or pneumatic. 

Six types of instruments are covered: 


a. Locally mounted indicating gauges (see 3.3), including 
tubular gauge glasses, armored gauge glasses, and magnetic 
gauges, 

b. Level transmitters (tee 3.4), including displacement, dif- 
ferential-pressure, hydrostatic-head, nuclear, ultrasonic, and 
capacitance/radio-frequency types. 

c. Locally mounted controllers (see 3.5), including displace- 
ment, ball-float, and differential-pressure types. 

d. Leve] switches (see 3,6). 

e. Tank gauges (see 3.7). 

£. Accessories (see 3.8), including seals, purges, and 
‘weather protection. 


3.2 General 


2.2.1 INTRODUCTION 


Certain general procedures, practices, and precautions ap- 
ply to practically all of the instruments discussed in this sec- 
don. Where applicable, the material discussed in 3.2.2 
through 3.2.9 should be considered a part of each of the sub- 
sequent discussions. 


3.2.2 ACCESSIBILITY 


All locally mounted liquid level instruments, including 
gauge glasses, shoud be readily accessible from grade, plat- 
forms, fixed walkways, or fixed ladders. For maintenance 
purposes, rolting platforms are frequently used when free se- 
cess is available in the area below the instruments, 

For general service, extemally mounted level devices are 
preferred, since they permit access for calibration and main- 
tenance. Internally mounted devices are therefore usually 
limited to services in which external devices cannot be used 


or to services in which a shutdown for maintenance is ac- 
ceptable. 


3.2.3 READABILITY 


In all applicavons ia which a liquid level is regulated by a 
control valve, some indication of the level—a gauge glass, 
receiver pressure gauges, of another indicator—should be 
clearly readable from the control-valve location to permit 
manual control when necessary, Such level indication at the 
valve is not necessary if the control system cannot be oper- 
ated manually from the contral-valve station, 

Level-indicating insoumenty should be located on vessels 
so that the instruments are visible from operating aisles. 


3.2.4 CONNECTIONS TO VESSELS 


Level-instrument connections must be made directly to 
vessels and not to process flow lines or nozzles (continuous 
or intermittent) unless the fluid velocity in the line is less 
than 2 feet (0,6 meter) per second, 

Connections and interconnecting piping should be in- 
stalled so that no pockets or traps can occur. Where pockets 
are unavoidable, drain valves should be provided at low 
points. The minimum recommended size for drain valves is 
Kinch, 


3.2.5 MULTIPLE-INSTRUMENT MOUNTING 


‘When two or more instruments, including gauge glasses, 
are required for any application (such as a gauge glass and 
controller or a gauge glass and alarm switch), the instru- 
ments should be mounted so that the number of openings in 
the vessel is kept to a minimum. Suggested methods are cov- 
ered in 3,3.3,3 and 3,4.2.3, 

Block valves arc gencrally used berween a vessel nozzle 
and a standpipe. 


3.2.6 BLOCK VALVES 


3.2.6.1 Material 

‘The materials of construction, rating, and type of connec- 
tions for block valves must conform to the specifications for 
the equipment to which the valves are connected. This ap- 
plies to all block valves, whether installed directly on the 
equipment or on a standpipe that is connected to the equip- 
ment. 


3.2.6.2 Location and Size 


Block valves may be located at the vessel connection or 
ona standpipe so that cach instrument can be isolated, When 
valves are connected to standpipes, connections should be at 
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Jeast % inch in size. When the vessel connection is a flanged 
nozzle and the block valve is mounted directly on the nozzle, 
the connection should be at Icast 1 inch in size. When the 
vesse] connection iy a coupling and the block valve is 
mounted to a nipple, the connection should be at least % inch 
in size. Finings or piping between the vessel and block 
valves should be minimized. 


2.2.7 STRAIN RELIEF 


‘Connections between vessels and heavy gauges, con- 
trollers, or transmitters Should be relieved of strain by prop- 
erly supporting such instruments (and seal pots, where used) 
and by installing offsets or expansion loops where necessary 
‘to compensate for thermal expansion differences, 


3.2.8 VIBRATION 


Some level instruments are susceptible to damage or mal- 
function if they are subjected to vibration, To minimize vi- 
bration effects, such instruments should be mounted on a 
rigid support adjacent but not connected to the source of vi- 
bration. Such an arrangement requires flexible tubing or con- 
duit connections between the source of vibration end the 
instrument. Additionally, shockproof mounts may be consid- 
ered, Instruments should be carefully selected, since some 
instruments are Jess susceptible to vibration effects. 


3.2.9 DRAINS AND VENTS 


Drain valves % inch in size should be installed on the bot- 
tom connection to level instruments, In hazardous services, 
drains and toxic-vapor vents should be piped away from the 
instruments to a safe disposal area, Vent valves are not gen- 
erally necessary but may be installed when desired. Plugged. 
vent connections should be provided on all installations 
where vent valves are not provided. Requirements estab- 
lished by the U.S, Environmental Protection Agency must be 
addressed, 


3.3 Locally Mounted Indicating Gauges 
3.3.1 GENERAL 

Locally mounted indicating devices include armored 
gauge glasses, magnetic gauges, and differential-pressure 
level indicators. 
33.2 TUBULAR GAUGE GLASSES 

Tubular gauge glasses are not recommended for process 
‘units. 
3.3.3 ARMORED GAUGE GLASSES 
3.3.3.1 Application 


The most commonly used types of armored gauge glasses 
(often called “fatglass”) are transparent (through-vision) and 


Teflex gauges. Magnetic gauges are available for special ap- 
plications or high-pressure service (see 3.3.4). 

‘Transparent gauges should be used in installations invely- 
ing acid, caustic, or dirty (or dark-colored) liquids; in high- 
pressure steam applications; for liquid-liquid interface 
service; and in eny application where it is necessary to illu- 
minate the glass from the rear, Illuminators made for the pur- 
pose and suitable for the service conditions should be 
purchased and installed in accordance with applicable codes 
and the manufacturer's recommendations, 

Reflex gauges should be used in all other clean services, 
including C, and heavier hydrocarbons. They may also be 
used on C, and lighter hydrocarbons provided the product 
does not dissolve the paint or other coating on the inside of 
the gauge, thereby leaving a bare metal backwall which in 
tum reduces the effectiveness of the prisms. 

For in-service applications involving liquids that may 
doit, large-chamber reflex or transparent gauge glasses are 
used. These gauges are designed to indicate the level of liq- 
uids that boil or tend to surge in the gauge. 


3.3.3.2 Gauge Assemblies 


Multiple single-section gauge glasses are used to make 
tonger glasses. Recommended vessel connections are shown 
in Figure 7. The connections are normally limited to four 
sections or 5 fect between the connections. Longer glasses 
are often used for noneritical applications at tenyperatures 
below 400°F (200°C). At temperatures above 400°F 
(200°C), some companies limit length to three sections. 
Many companies limit applications to a pressure of 900 
pounds per square inch. Additional support may be required 
when four or more sections are used, Offsets or expansion 
loops may be required to compensate for temperature expan- 
sion and contraction. 


3.3.3.3 Multiple-Gauge Mounting 


Wide level ranges are preferably observed by means of 
overlapping gauge glasses. Gauge cocks % inch in size are 
generally used on multiple gauges. Where the vessel connec- 
tion is a flanged nozzle and the block valve is mounted di- 
rectly on the nozzle, the minimum size should be 1 inch. 
Many refiners have found that the maintenance required on 
the ball checks of automatic gauge cocks js so great that the 
use of individual block valves and pipe tees is preferable, 
Both types of installations are shown in Figure 7, 

‘When breakage of a gauge glass could cause a hazardous 
condition (that is, when the vessel contains light ends or 
toxic liquids), excess-flow valves should be installed be- 
tween the vessel and the gauge glass, Company standards 
may restrict use of “glass” gauge glasses for C, and C, ser- 
vice. If the glass is fractured during fire-fighting efforts, the 
broken gauge glass would constitute a potential secondary 
fuel source. 
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Figure 7—-Gauge-Glass Assemblies 


Interface observation requires the use of transparent gauge 
glasses. Figure 8 shows two commonly used and recom- 
mended methods of mounting multiple gauges on horizontal 
vessels where both liquid-liquid and liquid-vapor interfaces 
are to be observed, Connections to the vesse) must be 
arranged so that there is always one in each phase of each in- 
terface being measured. 


3.3.3.4 Protection of Gauge Glasses 


‘Gauge glasses can be attacked (etched) by both vapor and 
liquids, for example, steam at a pressure of 250 pounds per 
square inch (1675 kilopascals), hydrofluoric acid, amines, 
caustics. In these cases, a thin protective film is recom- 
mended on the inside of the glass. Sunlight discolors some 
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Figure 8—Gatige-Glass Mounting Arrangements for Horizontal Vessels and for Interlace Measurement 


plastics, so this should be considered when the film is se- 
Jected. Such shields cannot be used in reflex gauges because 
they render prisms ineffective. 


3.3.4 MAGNETIC GAUGES 
3.3.4.1 Application 


Magnetic gauges are used to gauge liquids (a) where glass. 
failure is likely to occur due to fluids being handled, and (b) 
where the release of toxic gases, flammable liquids, and so 
forth is to be avoided. Typical construction consists of « float 
inside a sealed nonmagnetic chamber, and an indicator 
mounted outside the chamber, actuated or coupled magneti- 
cally to indicate level, Mounting to the vessel ie usually ac- 
complished by means of flanged connections and valves, 
similar to the mounting of flanged external displacement 
units (see Figure 9), 


3.3.4.2 Precautions 


Magnetic gauges must not be used in areas where forces 
or matter will affect the magnetic fields. This includes areas 


that contain items such as steel support straps, heater wires, 
and steam-tracing tubing. 


3.4 Level Transmitters 


3.4.1. GENERAL 


Level transmitters include pneumatic and electrical output 
systems that use a wide variety of measurement principles, 
including displacement, differential pressure, nuclear radia- 
tion, ultrasound, and capacitance/radio frequency. 

‘Transmitters or transducers for clectronic instruments 
should not be located too close to hot lines, vessels, or other 
equipment. Locations where ambtenr temperatures excced 
the manufacturer's specified limit should be avoided, since 
placement of transmitters in such locations is likely to result 
in calibration difficulties and rapid deterioration of electronic 
components. The susceptibitity of mechanical or electronic 
components to vibration should be ascertained, and where 
necessary, adjustments should be made in the mounting te 
minimize vibration. 
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Figure $9—Typical Magnetic Gauge 


Because of the speed of response of electronic level trans- 
mitters, cnution should be exercised where level eurges may 
‘be encountered; transmitters in such locations should be pro- 
vided with damping. 


3.4.2 DISPLACEMENT TRANSMITTERS 
3.4.2.1 General 


Displacement transmitters may be either blind or provided 
with a receiver-type local indicator on the output signal. 
Some pneumatic units are equipped with dual pilots, ons, 
with a fixed band, for level transmission and the other for lo~ 
cal level control. 


3.4.2.2 Applications 


Because the displacer itself has relatively little motion, it 
should be used with caution; for example, highly viscous 
material can cling to the displacer and affect its calibration. 


When a displacement transmitter is used in such service, a 
liquid purge or heat tracing should be considered.” 

‘Caution should also be used in the application of dispiace- 
ment transmitters in services whete hydraulic resonance? 
may occur or where violent bailing occurs at the liquid sur- 
face. 

Displacement transmitters are rarely used for vacuum ser- 
vice or service with volatile liquids. 

Displacement transmitters in temperature services below 
°F (18°C) or above approximately 400°F (200°C) should 
be provided with a means of isolating the transmitter mech- 
anism from the process temperature to prevent malfunction. 

Ef the Liquid in the vessel is at a high temperature, and the 
temperature of the external cage is lower, the reading from 
the displacer will be in error as a result of the difference in 
density, Compensation for the temperature difference may be 
provided on installation, but if the difference changes, an er- 
ror will be introduced. 


3.4.2.3 Mounting of Extarnal-Cage 
Displacement Transmitters on Vessels 


For installations of extcrnal-cage displacement transmit- 
ters, connections to vessels should be made by means of noz- 
ales, block valves, and pipe fittings selected for the service 
(see Figures 10, 11, and 12). 

‘Transmitter and controller installations should be provided 
with gauge glasses in parallel. A separate set of taps for in- 
dependent level indication is normally recommended. 


3.4.2.4 Connections to Vessels 


In most process applications, level transmitters and con- 
trollers should have 1}- or 2-inch flanged connections. 

Drain gate valves % inch or larger in size should always be 
provided, and if one or more vents are required or desired, 
they should be gate valves % inch or larger in size, installed 
a3 indicated in Figure 11. 


3.4.2.5 Installation of Externai-Cage 
Displacement Unit and Standpipe 


For wide level ranges or where it is desirable to minimize 
vessel connections, a standpipe and overlapping gauge 
glasses can be used, as shown in Figure 12. The standpipe, 
usually of 2- or 3-inch pipe, serves as a mechanical support 
for the instruments and as a surge chamber to prevent turbu- 
lence or foam from interfering with the operation of the 
transmitter. On horizontal vessels where standpipes are used 
with a wide level range or where multiple inscruments of 
considerable weight are used, it is often necessary to provide 
additional support. 


af. G. Shinskey, Process Controt Systems, “Hydraulic Resonance,” Me~ 


Graw-Hill, New York, 1989. 
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‘SIDE AND BOTTOM 
CONNECTIONS 


‘The arrangement shown in Figure 12 permits direct eali- 
bration of a transmitter or controller with the vessel either in 
or out of service. This can be dons by manipulating the 
block, drain, and vent valves so that the level of the fluid is 
tun up and down in the gauge glass and transmitter in paral- 
Jel. 

Nozzle spacing on the vessel is critical on close-coupled 
installations, especially where side connections are used, be- 
cause of differential expansion of the vessel and the con- 
troller. In cases where levels of considerable range are to be 
transmitted, it may be preferable to use other types of trans- 


mittens. 


3.4.2.6 Internal Displacers 


Occasionally, the displacer may be mounted inside the 
vessel rather than in an outside cage. For example, when it is 
desirable to avoid steam tracing, the vessel nozzle and the 
head casting of the Instrument must be provided with mating 
flanges of the type and specification required by the service. 
‘Where possible, it is generally preferable to use steam-traced 
external displacers, Internal displacers should be avoided, 
particularly on vessels that cannot be isolated without part of 
the plant being shut down. 

Arnpie clearance must be provided for removal of the dis- 
placer and rod. When a side mounting is required, provision 


‘SIDE AND SIDE 
CONNECTIONS: 


TOP AND SIDE 
CONNECTIONS: 


Figure 10—External-Cage Displacement Instrument 


should be made for access to the displacer, for example, @ 
manhole. 

Guides are required in many internal displacer installa- 
tions. For side-mounted displacers, a stilling well (see Figure 
13) is usually provided for this purpose, slthough red or ring 
guides are sometimes used, Ring guides are particularly suit- 
able for emulsion service. 


3.4.4 DIFFERENTIAL-PRESSURE 
TRANSMITTERS 


3.4.3.1 General 


Differential-pressure transmitters respond more quickly 
than do external-cage displacement transmitters and require 
ess range for stable control. 


3.4.3.2 Low-Displacement Transmitters: 


Applications of low-displacement transmitiers include re~ 
mote controt and remote indicating or recording of liquid 
level, This type of transmitter (usually the blind type) gener- 
ally has an adjustable range and can have a high span-eleva- 
tion/suppression capability. A receiver-type indicator may be 
provided on the transmitter’s output for local indication. 

Connections to the vessel can be made by means of pipe 
fittings of the material and rating recommended for the ser- 
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Figure 11—Extemal-Cage Displacement Controller 
With Standpipe 


vice or by means of 4- or ¥-inch tubing and tubing fittings. 
The vessel connections should be at least % inch in size (see 
3.2.6.2). 

‘The transmitter should not depend on its own piping for 
support but should be yoke or bracket mounted. Typical in- 
stallations are shown in Figure 14. 

Constant head can be maintained on the extemal or refer- 
ence leg of the transmitter, as shown in Panel A of Figure 14. 
Because displacement of the measuring element with mea- 
surement changes is minimal, even with condensables, no 
seal pot is required. 

Figure 15 shows a flange-connected transmitter mounted 
directly on the tank. This type of transmitter is used advan- 
tageously to measure slurries or viscous fluids. If required, 


the sensing diaphragm can be mounted flush with the inside 
of the vessel, Various diaphragm materials are available for 
corrosive services, Figure 15 shows a typical installation. 

‘Where hydraulic resonance may occur or where boiling 
liquid may cause violent agitation of the liquid surface, a dif- 
ferential-pressure instrument can be used to advantage, since 
(a) its output can be damped and (b) a seal liquid can be used 
to avoid boiling in the external legs. 

For vacuum service or service with volatile liquids, a suit- 
able seal Liquid or purge should be used in both legs, When 
extemal seals are used, this type of transmitter requires the 
‘use of seal pots to maintain a constant external head and en- 
sure accuracy (see Section 6). 


3.4.4 HYDROSTATIC-HEAD TRANSMITTERS 


3.4.4.1 Installation 

Hydrostatic head may be transmitted either by means of a 
bubbler tube and pressure transmitter or by means of a di- 
aphragm- or bellows-actuated transmitter mounted directly 
on the vessel. The latter type of transmitter should be 
mounted on a flanged nozzle at a point where it will not be 
subject to blocking by sediment. 


3.4.4.2 Precautions 

Bubbler tubes must be sized to prevent pressure-drop er- 
Tors that result from purge gas flow. They must be installed 
go that sediment cannot block the open ends, and they should 
be supported, if necessary, 30 that turbulence or mechanical 
strains cannat bend or break thern. For greatest accuracy, the 
connecting leads must be leakproof. Bubbler-type transmit- 
ters are not normally used in closed or pressurized systems. 


3.4.5 NUCLEAR LEVEL TRANSMITTERS 


3.4.5.1 General 

Nuclear level instruments arc used where other types of 
internal or external instruments cannot be used, such as in 
coking or vacuum towers. 


3.4.5.2 Operation 

Nuclear level instruments measure by means of beta or 
gamma fays that are sensed by radiation detectors. A ra- 
dioactive source is placed so that the vessel contents are be- 
tween the source and the detector. When the vessel is empty 
the count rate is high, and as die level siscs the count rate de~ 
creases. 

The strength of the radiation sensed by the detector de- 
pends on the density and thickness of the material in the ves- 
sel, the distance between the source and the detector, and the 
thickness of the vessel wall and insulation. The range is lim- 
ited by the size of the source (factory selected for the appli- 
cation). Multiple sources are sometimes used to measure 
wide ranges (sce Figure 16). 
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Figura 13—Typicat Stilling Well 


345.3 Precautions 


‘The design of the source container, the size and location of 
the source, and the source’s handling must comply with all 
local, state, and federal requirements, Plants are required to 
have licensed safety personnel who are familiar with the re- 
quirements and sefety procedures. 

‘The user should review the design of the source container 
to ensure that it meets fire safety requirements, as well as 
current state and federal regulations limiting the use of nu- 
clear devices. 


3.4.5.4 Installation 


Because of regulatory requirements, nuclear level instru- 
ments must be installed in compliance with manufacturers’ 
instructions and nuclear codes. 


9.4.6 ULTRASONIC LEVEL TRANSMITTERS 


3.4.6.1 Operation 


Ultrasonic transmitters measure the time required for 
sound waves to travel through space. A sound transmitter 
{transducer} converts an electrical pulse to sound waves that 
teflect off the level surface being measured. The reflected 
signal is detected by either the same or another transducer. 


Since the speed of sound through the medium above the 
level surface can be determined, the measured time from sig- 
nal transmission to reception is proportional to the level. 

The speed of sound varies with the temperature, composi- 
tion, and elevation of the vapor space. 


3.4.6.2 Installation 


Ultrasonic units should not de installed in areas with 
strong electrical fields (motors, relays, electric generators, 
and so forth). 


3.4.6.3 Precautions 


Application parameters must be reviewed carefully to en- 
sure the correct use of ultrasonic devices. Factors such as 
variations in process pressure and temperature, relative 
humidity, and concentrations of gases and vapors will affect 
sound velocity. Compensation for these variables is avail- 
able, 


3.4.7 CAPACITANCE/RADIO-FREQUENCY 
LEVEL TRANSMITTERS 


3.4.7.1 Operation 


A capacitor consists of two conductive plates separated by 
an insulator. Its capacitance is # function of the area of the 
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plates, the spacing between them, and the dielectric constant 
of the insulator, 

Accapacitance level transmitter consists of a vertical sens- 
ing clement that js inserted into the vessel in which the level 


is to be measured, The sensing element may be either plain 
(bare metal) or sheathed with an insulating material and 
serves as one of the plates of the capacitor. 

If the veasel is an electrical conductor and the material 
Qiquid or granular} being measured is an insulator, & plain 
sensing element is normally used, In this case, the vessel 
serves as the other plate, Since the dielectric constant of the 
material being measured is different from that of the ais, va- 
Por, or gas being displaced, the elecuical capacitance 
tween the sensing element and tank varies with level. 

If the material being measured is an electrical conductor, 
An insulated sensing clement is used. In this case, the ele~ 
ment serves as one plate, the sheath serves as the insulator, 
and the material being measured replaces the tank as the 
other plate, The size of the capacitor plate, and therefore its 
capacity, varies with level. 

More sophisticated circuits, which measure both capaci~ 
tance and resistance current, can correct for sensor buildup 
‘and composition changes. 

‘When a liquid-liquid interface is measured and one phase 
is aqueous, the water phase is measured, since the change in 
capacitance of the insulating phase is relatively insignificant. 

Circuitry varies widely from manufacturer to manufac- 
turer, so selection should be carefully reviewed with the 
manufacturer, 


3.4.7.2 instaltation 


‘The sensing element must be vertical and must not be in 
contact with the vessel wall or intemals. Applications in 
which both the container walls and the medium are noncon- 
ductive may require a counterelectrode (ground reference) 
made from a conductive material, The need for and type of 
ground reference should be reviewed with the manufacturer, 

‘The user should-review the design of the sensing ele- 
ment’s seal for fice safety and should review the design of 
electrical and electronic circuitry to ensure that it meets ex- 
plosionproof or intrinsic safety requirements or both. 

‘The following are available for internally mounted sens- 
ing elements: 


@ Precalibration capability if a concentric shroud is sup- 
plied. 

b, Sensing elements that can be installed or retracted under 
‘operating conditions with the plant running. 

¢. Sensing elements that cover the temperature range from 
liquid gases to hot catalyst pellets. 


With a capacitance/radio-frequency sensing element in an. 
extemal cage, the difference in density duc to temperature 
that results in a lower liguid level in the chamber is, to a 
large degree, offset by the higher dielectric constant of the 
denser liquid; hence, the indicated level will be clase to the 
vessel's liquid level (see Figure 17). 
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TYPICAL TANK AND TRANSMITTER 
INSTALLATION 


‘Note: Coinessation is available to balance out the initial hydrostatic head in the wet lez. 
Figure 15—-Flange-Type Differential-Pressure-Level Transmitter 


3.5 Locally Mounted Controllers 
3.5.1 GENERAL 


Locally mounted controllers used on all pressure vessels 
include the displacement, caged ball-float, internal ball-float, 
and differential-pressure types. 


‘Sensing diaphragm capsule 
flange ‘Rouris dvectly on 
aide of tank 


LIQUID LEVEL TRANSMITTER: 


Caution should be 
exerciead to ensure 
that the nozzie’s 
inside diamater will 


Hauid LEVEL TRANSMITTER WITH 
EXTENDED DIAPHRAGM 


35.2 DISPLACEMENT CONTROLLERS 

Recommended practices for the installation of displace- 
ment controllers are the same as those for equivalent types of 
transrnitters and are outlined in 3.4.2, “Dual-pilot” displace- 
tment instruments provide both local control and transmis- 
sion from a single displacer. 
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Figure 16—Typleal Arrangement for Nuclear Level Transmitter 


3.5.3 INTERNAL BALL-FLOAT CONTROLLERS contain particles or materials that tend to settle out and 
would eventually block the float action in an external-cage 

3.6.3.1 Appileation type of instrument. In severe coking applications, it may be 
An internal ball-float controller is sometimes used for as- @esirable to use a steam or flushing-oil purge to keep the 
phaltic or waxy fluids, for coking service, or for liquids that float clean, the shaft free, and the packing in suitable condi- 


Level 


IN VESSEL. IN EXTERNAL CAGE 
Figure 17—Capacitance/Radlo-Frequency-Type Level Transmitter 
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tion, In such applications, it is preferable to use other types 
of level devices. 


3.5.3.2 Installation 

‘Where the float will be subjected to turbulence within the 
vessel, shiekis, guides, or other provisions should be made to 
eliminate the effects of turbulence on the float, Pneumatic 
Piping or electrical wiring to such instruments should be in 
accordance with the practices for transmission outlined in 
AFi Recommended Practice 552. 


3.5.3.3 Supplemental Indicator 

An severe services, as noted in 3.5.3.1 and 3.5.3.2, the con- 
troller should be supplemented by another type of instrument 
{for example, differential pressure, capacitance/radio fre- 
quency, or another special type). 


3.5.4 DIFFERENTIAL-PRESSURE 
CONTROLLERS 


The most common use of differential-pressure level trans- 
mitters is with a separately mounted receiver-controller. The 


ALTERNATIVE ARRANGEMENT FOR 
ALARM SWITCHES 


installation of differential-pressure controllers is basically 
the same as that for differential-pressure transmitters (see 
3.4.3.1 and 3.4,3.2). 


3.6 Level Switches 
3.6.1 GENERAL 

The basic considerations for instruments used to initiats 
high- or low-level alarm signals are, with the possible excep- 
tion of float size, the same as those discussed in 3,4 and 3.5. 
Other types of switches (for example, pressure switches at 
the receiver in pneumatic transmission systems, hydrostatic- 
head pressure-actuated switches on nonpressurized tanks, 
and capacitance/radio-frequency- and differential-pressure- 
actuated switches on pressurized or nonpressurized vesscls) 
are sometimes used, For a detailed discussion of alarms and 
protective devices, refer to API Recommended Practice 554. 


3.6.2 INSTALLATION OF FLOAT SWITCHES 
‘The installation of float switches is the same as that of the 


displacement transmitters covered in 3.4.2, A typical instal- 
lation of high- and low-Jevel alarm switches with a parallel 


iat V nozzle or 
| 


f] ‘boss on vessel 


Purge or tost 
J} connection 


AFIRANGEMENT FOR ALARM SWITCHES 


Figure 18—Arrangement of High- and Low-Level Alarm Switches With Parallel Gauge Glass 
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gauge glass js shown in Figure 18. Level switches used as 
protective devices should have separate connections to the 
vessel, independent of other instruments. 


3.6.3 INSTALLATION OF OTHER SWITCHES 


Electronic switches, such as capacitance/radio-frequency 
and sonic switches, can be installed in vessels or external 
cages in an arrangement similar to that shown in Figure 18. 

Pressure switches in pneumatic transmission circuits are 
normally installed with block valves and often with a 
Plugged test tee. A sensitive pressure-sctuated switch or a 
differential-pressure-actuated switch mounted directly on a 
tank or vessel to signal high or low hydrostatic head should 
be located at a point that is not subject to blocking by sedi- 
ment. 


3.6.4 TESTING 


When switch action is critical or when plant standards or 
regulations (for example, Occupational Safcry and Health 
inistration) require periodic switch testing, this can be 
done by installing a hydraulic connection at the alarm point 
‘on the tank and piping the connection to a chamber near 
ground level in which the sensor is installed. When the alarm 
level is reached, fluid flows through the pipe and fills the 
chamber, activating the alarm. For testing, some of the actual 
fiuid is poured into the chamber to fill it. This arrangement 
provides a total dynamic test and permits servicing without 
requiring personnel to olimb the tank. 


In some cases, electronic switches can be provided with 
special testing circuits that are actuated by push buttons or a 
specifically programmed microprocessor. 

Float or displacement level instruments may have a lever 
‘or puil that permits checking of the field unit by pushing up 
the float or displacer. For this test to be valid, some means of 
limiting the force applied during checking is required. If the 
float or displacer is stuck, the lever could free it without the 
technician being aware of doing so, 


3.65 OVERFILL PROTECTION 

API Recommended Practice 2350 provides information 
‘on overfill protection. 
3.7. Tank Gauging 

‘The level transmitters discussed in this section can be used 
for in-plant noninventory storage tanks. For inventory or 
other high-accuracy gauging, refer to API Standard 2545, 
3.8 Accessories 
3.8.1 SEALS AND PURGES 

Tis occasionally necessary to use seal pots or purges in 
connection with liquid level instruments (see Section 6). 
3.8.2 WEATHER PROTECTION 


Ssotion 6 covers weather protection. 


SECTION 4—PRESSURE 


4.1 Scope 


This section discusses recommended practices for the in- 
stallation of the instruments and devices commonly used to 
indicate, record, and control the pressures and differential 
pressures normally encountered in petroleum refinery 
processes, The instruments covered are pressure gauges and 
switches, pressure transmitters, and locally mounted con- 
trollers and recorders. 


4.2 General 


4.2.1 INTRODUCTION 


Certain genera! procedures, practices, and precautions ap- 
ply to all of the instruments discussed in this section. Where 
applicable, the material discussed in 4.2.2 through 4.2.10 
should be considered a part of each of the subsequent discus- 
sions. 


4.2.2 APPLICATION PRACTICE 

Hydrocarbons or other process fluids that may be haz- 
‘ardous br otherwise undesirable in the control room in the 
event of leakage should not be piped to any instruments lo- 
cated in a central control room. It is industry practice to 
transmit the pressure of such fluids either electrically or 
pneumatically to receiving inscruments. It js also the practice 
to transmit the pressure of fluids to local installations where 
Jong piping or capillary systems would otherwise be re- 
quired. Examples include instances in which solids present 
in the process fluid could cause plugging or in which differ- 
ences in elevation could result in liquid head problems. Insu- 
lation and heating of long leads to prevent freezing can also 
be eliminated by the use of transmission systems. 


4.2.3 ACCESSIBILITY 
All locally mounted pressure instruments should be read- 
ily accessible from grade, platforms, fixed walkways, or 
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Figure 19—Piping for Pressura Instruments That 
Share a Common Process Connection 


fixed ladders. A rolling platform is sometimes used where 
free access is available to the space below the instruments. 


4.2.4 LOCAL INDICATION 

Where local indication is desired and nonindicating (<lec- 
tronic and pneumatic) transmitters, awitches, and locally 
‘mounted pressure controls are used, these instruments should 
be supplemented with directly connected process pressure 
gauges (see Figure 19), output indicators, or both. A sup- 


pressed-zero pressure transmitter should be supplemented 
with a full-range process pressure gauge, even if the trans- 
mitter is equipped with an output indicator. 

In applications where pressure can be manually controlled 
at a contro! valve station, some indication of pressure should 
be clearly visible and readable from the valve location to 
permit manual control when necessary, Such indication is 
not necessary if the control system cannot be manually oper- 
ated from the contro! valve station. 


4.2.5 VIBRATION 


Most pressure instruments are susceptible to damage, ab- 
normal wear, or malfunction if they are mounted in locations 
where they are subject to vibration. If any part of the pres- 
sure system or equipment is subject to vibration, the instru- 
ment should be mounted on a vibration-free remote support. 
Coiled tubing, armored hose, or a capillary system should be 
provided between the pressure source and the instrument. 


4.2.8 PULSATION 


Instruments that measure the pulsating pressures of recip- 
rocating pumps and compressors should be equipped with 
pulsation dampeners to prevent premature failure of the 
movements or the pressure elements. Needle valves, floating 
pins, or porous metal devices are often used for this purpose 
(see Figure 20), Indicating pressure gauges with liquid-filled 
cases should also be considered for pulsating-service appli- 
cations. 


4.2.7 PURGING AND SEALING 


‘When viscous liquids or pressures of corrosive process 
fluids are measured or when plugging is possible where 
solids exist, an instrument may be sealed, purged, or 
protected by a diaphragm seal or protector (see Figure 20). 
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Figure 20—Piping for Pressure Gauges In Pulsating, Corrosive, 
Slurry, or Freezing Fluid Service 
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‘The diaphragm seal ualt should have s Nushing cumection 
and wetted parts of a suitable material to resist corrosion. 

Diaphragm seals with or without capillary leads are be- 
coming more widely socepted because of the availability of 
suitable filling fluids. Nonflammability, low vapor pressure, 
and low coefficient of expansion are characteristics of the 
fluids used, To minimize heat tacing, some prefer di- 
a -sealed pressure gauges on all fluids that freeze at 
ambient temperatures. Manufacturers can supply instruments 
complate with the ceal and capillary ascembled. 

‘The required accuracy should be investigated for filled- 
system units, Errors increase as the range decreases. Care 
should de taken to isolate the capillary from any variable 
heat source such as heat tracing or process piping. Pressure- 
differential-sensing instruments should use a pair of capillary 
leads that are of equa! length and follow the same path to 
minimize error due to thermal expansion. Capillary leads 
should be kept as short as possible, since response time in- 
creases with length. Response time is also influenced by 
temperature and the type of filling fluid, 

A purge is commonly used for pressure instruments in flu- 
idized-solid service, Refer to Section 6 for additional infor- 
mation on seals, purge quantities and methods, and lecation 
of purge points. 


42.8 PIPING 


42.8.1 Size and Design 


Process connections to instruments should be furnished 
and installed in accordance with applicable piping and mate- 
rial specifications, When pipe is selected, %-inch Schedule 
80 pipe and fittings should be used. When tubing is selected, 
tubing with an outside diameter of 4 or % inch and a mini- 
tum wall thickness of 0.035 inch is generally acceptable. To 
seduce or eliminate corrosion and to eliminate the expense of 
cleaning and painting, stainless stee! or alloy tubing is some- 


times used where carbon stcst would otherwise be accept- 
able. 

For instruments that have connections smaller than %inch 
nominal pipe size, the line size should be reduced at the in- 
strument, The first block valve at the process connection 
should conform to process piping specifications and should 
normally be % inch in size (a minimum of % inch in size; see 
Figure 19). Some companies prefer to use extended-body 
gate valves for small piping in accordance with API Stan- 
dard 606. Some users permit valves of the same rating hut 
Jess rigid specifications for secondary valving in the mani- 
fold. To avoid damage to the connected instrument, the in- 
strument should be disconnected during hydrostatic testing. 


42.8.2 Cleaning 


All pipe should be deburred after cutting and blown clean 
of cuttings and other forsign material, This subject is usually 
covered by the applicable process piping specification. 


4.2.8.3 Short Connections 


The most satisfactory and economical installation of a 
pressure device is usually achieved by coupling the device as 
close to the process connection as is practicable, consistent 
with accessibility and visibility requirements (see Figure 21), 
‘This practice requires less material and heat tracing, elimi- 
nates vapor traps and liquid head problems, and reduces the 
possibility of leaks and plugging. 


4.2.8.4 Long Connections 


Where the process block valve is not readily accessible 
from the instrument location, an additional block valve and 
a bleed valve should be installed at the instrument, 

‘When several pressure-measuring devices ase manifolded 
from one process pressure tap, good practice requires sepa- 
rate block and bleed valves for each pressure instrument (see 
Figure 19). 
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Figure 21—Pressure Gauges Supported by Piping 
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42.88 Piping Flealbitity 

Instrument pressure piping should be installed and aup- 
ported so that the forces developed from the expansion of hot 
piping or vessels cannot result in piping failure or strain on 
the instrument. High-pressure armored hose or coiled tubing 
can be used where a high degree of piping flexibility is re- 
quired. 
42.9 ENCLOSURES 


If the manufacturer's standard case is not adequate, enclo- 
sures should be provided to protect focally mounted instru- 
ments from ambient conditions. The enclosures must not 
restrict bleed air from pneumatic instruments nor heat dissi- 
pation from electronic devices. The area classification may 
require special enclosures to meet the requirements of NFPA 
70 and other national or local codes. 


42.10 ELEMENT AND SOCKET (WETTED) 
MATERIALS 


Materials should be sclected to withstand corrosion from 
the process fluid and environmental conditions. Direct pres- 
sure elements, such as bourdon tubes and bellows, are thin 
and afford minimum corrosion allowance. Type 316 stainless 
steel is the most commonly used material in corrosive ser- 
vice for elements, sockets, and other wetted parts. Bronze is 
commonly used for air, sweet water, and inert gases. Monel 
is @ superior material for caustic and salt solutions where 
chloride stress corrosion might adversely affect stainless 
steel. Other materials are available for special situations, but 
in severely corrosive conditions, the use of a diaphragm seal 
of suitable materia! is a more common choice (sec 4.2.7). 


4.3 Pressure Gauges and Switches 
43.1 CONNECTIONS 

Indicating Bourdon-tube pressure gauges and switches for 
flush mounting on local field-instrument panels should be 
back connected, Surface- and field-mounted gauges and 
switches should be bottom connected. For mechanical 
strength, the recommended connection size is 4 inch, 


4.3.2 SUPPORTS 

A gauge or switch may be supported by its piping if itis 
close coupled to the process connection (see Figure 21). 
‘Where vibration is anticipated, good practice requires inde- 
pendent support (see 4.2.5, 4.2.8.5, and Figure 22). 


43.3 SAFETY DEVICES 

Every process pressure gauge should be provided with a 
device, such as a disk insert or blowout back, designed to re- 
lieve excess case pressure. Such a device can prevent burst- 
ing of the glass or the case in the event the pressure element 
fails. Some users also require a solid-front gauge design for 
gauges in high-pressure service. Gauges are available with 
safety glass or plastic windows as an additional safeguard. 
Gauge supports should be designed so that the blowout disk 
is not covered. Field gauges should not be painted, and insu- 
lation over heat tracing should not cover or restrict the disk 
or blowout back, Excess-pressure cutouts, with or without 
velocity checks, are available for limiting overrange. 


434 SIPRONS 
Siphons or “pigtail” condensate seals should be provided 
for steam or other hot condensable vapors when the gauge is 


Anglo bracket 


Figure 22—Field-Mounted Gauge Supports 
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mounted above the process connection, allowing condensate 
drainage to the process. Siphons protect the gauge from ther- 
ma] damage and errors due to temperature. Close-coupled 
siphons are available from most gauge manufacturers (see 
Figure 23). 


4.3.5 CASE MATERIAL AND SIZE 


Pressure gauge cases are made of stainless steel, alu- 
minum. of plastic. Plastic-case gauges should not be used in 
locations where temperature will deform the plastic. Cases in 
3% and 44-inch sizes are generally acceptable in process 
fluid service. 


4.4 Pressure Transmitters 


44.1 CONNECTIONS 


As discussed in 4.2.8.1, the process connection is gener- 
ally “inch in size, with the first block valve conforming to 
appicable process piping specifications. The most common 
size for instrument connections is 4 inch, 


44.2 INSTALLATION CONSIDERATIONS 


The installation of a pressure transmitter requires careful 
weighing of a variety of factors. It is important to know the 
physical characteristics and operating conditions of the 
process fluid. Following are some guidelines (see Figure 24): 


a. Impulse piping should be as short as possible. 

b. Larger, heavier transmitters should be supported by 
means other than the process connection. 

c. Placement of taps on the bottom of the line should be 
avoided because of the possible presence of sediment or 
scale. 

d. Transmitters in jiquid or condensable-vapor service such 
as steam should be self-venting (that is, mounted below the 
process connection. with alll lines sloping toward the instru- 
ment) to prevent gas from being trapped in the instrament. 
e. Transmitters in gas service should be self-draining (that 
is, mounted above the process connection, with all lines 
sloping toward the process connection) to prevent liquid 
from being trapped in the instrument. 

f. The installation must protect the transmitter from both 
gmbient and process temperatures. If the process temperature 
is outside the transmitter's limits, the following measures can 
‘be used to ensure that the temperature at the transmitter is 
within the manufacturer's specifications: 


1, Providing a sufficient length of uninsulated piping to 
lower or raise the temperature of the process fluid at the 
transmitier. 

2, Purging the transmitter. When purging, piping of suffi- 
cient diameter to minimize friction effects should be used 
(see Section 6). 


+ Pressure gauge 


CLOSE-COUPLED SIPHON: 


= Pressure gauge —> 
Pipe siphon or pigtall | 


Blasder valve. 


Coupled With. 
Conventional Valve 


PIGTAI SIPHON 
Figure 23—Gauges With Siphon Required in 
Hot Condensable-Vapor Service 


3, Using a diaphragm seal and capillary to transmit pres- 
sure to the transmitter. 


44.3 DIFFERENTIAL-PRESSURE 
TRANSMITTERS 


Differential pressure is meacured with a differential-pres- 
sure transmitter. If purging is necessary for low-differential 
services, special care should be taken to ensure that the purge 
Tate does not cause crroneous readings (see Section 6; sce 
‘Figure 25 for an cxample). A differential-pressure transmit- 
ter can be used to measure low gauge pressure by leaving the 
transmitter’s low-pressure connection open to the atmes- 
phere. 


bad API Reccamienpen Practice $51 


Plugged fitting for filing in 
wervicg 


| Pers 
4 


Block valve (not required If 
iranamiter Is close-coupled 


Aternaive: —~} 
marifcldvalves 


Drain valve 


‘Now: Piping should be sloped so that gas condensate drains back into the process line, 
Figure 24—Typical Installation of Pressure Transmitters for Gas, Liquid, and Steam Service 


4.5 Locally Mounted Controllers and 
Recorders 
45.1 CONNECTIONS 


‘The process connection requirements for Jocally mounted 
controllers and recorders ace similar to those for tranamitters 
{see 4.4.1). 


45.2 SUPPORTS 


In general, instruments should be supported independent 
of the process connection, Pipe stands at grade and on plat- 


form structures are commonly used. Instruments that are to 
be accessible from a platform should be supported from the 
platform’s structural steel and not from the platform or 
handrails. 

Care should be taken to avoid imposing stresses on the in- 
strument from piping or conduit (tee API Recommended 
Practice 550, Part 1, Section 7). 


45.3 INSTALLATION CONSIDERATIONS 


Many of the installation guidelines for transmitters are 
pertinent to locally mounted instruments (see 4.4.2). 
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Figure 25—Schamatic for Measurement of Pressure Ditlerential Across a 
Reactor or Section of Tower 
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SECTION 5—TEMPERATURE 


5.1 Scope 

This section presents common practices for installation of 
devices to measure and display temperature in refinery 
process services and to do the following: 


a. Display the temperature at the point of measurement. 
b, Use the temperature for local control of the process vari- 
able, 


¢. Transmit the temperanure to a remote Jocation for indica- 
tion, recording, alarm, and/or control at that point. 


Included in the discussion are the more common types of 
measuring devices and accessories: thermocouples, resis- 
tance temperature detectors, filled-system instruments, dial 
thermometers, thermistors, and radiation pyrometers. Ther- 
mowells are discussed because of their requirements as a 
part of temperature systems on most applications, Self-acting 
temperature controllers, multiplexers, and digital instruments 
are alto included insofar as their use in temperature measure- 
ment is concerned. Because transmission systems are dis- 
cussed in AP] Recommended Practice 552, temperature 
wansmission is discussed only bricfly in this section. Cus- 
tody transfer temperature measurement is covered in Chapter 
7 of the API Manual of Petroleum Measurement Standards. 


5.2 Thermowells 
5.2.1 GENERAL 

Direct exposure of temperature-sensing devices to process. 
fluids is usually impractical. Thermowells (see Figures 
26-28) are employed in temperature measurement to protect 
thermal elements and to permit removal of these elements 
during plant operation in spite of the thermat lag introduced. 
It is important to maintain good contact between all temper- 
ature-sensing elements and the bottom of their wells. 


5.2.2 INSERTION LENGTH 

The insertion length, U (see Figure 26), is the distance 
from the free end of the temperature-sensing element or 
well, up to but not including the external threads or other 
means of attachment to a vessel or pipe. 


5.2.3. IMMERSION LENGTH 


The immersion length is the distance from the free end of 
the temperature-sensing element or well to the point of im- 
mersion in the medium whose temperature is being mea- 
sured. The immersion length required to obtain optimum 
accuracy and response time is z function of factors such as 
the type of sensing element, available space, the design of 
the mechanical connection, and well strength requirements. 
Optimum immersion depth also depends on heat transfer 
considerations, as determined by the physical properties of 


the measured fluid, the flow velocity, the temperature differ- 
ence between the measured fluid and the wellhead, and the 
material and mass distribution of the well and the sensing el- 
ement, 

Insufficient immersion can result in errors because heat 
will be conducted to or away from the sensitive end of the 
thermowell. Excess immersion length in high-velocity ser- 
vice can cause thermowells to break. 

A thermowell installed perpendicular or at a 45-degree an- 
gle to the pipe wall should have a minimum immersion 
length of 2 inches and a maximum distance of 5 inches from 
the wall of the pipe. If the thermowell is installed at an angle 
or in an elbow, the tip should point toward the flow in the 
process line. 

Thermowells installed in lines through which fluid flows 
ata high velocity may be subject to vibration, which can rup- 
Ture ihe well below the mounting. Tapered stems and U7 
Jengths established by means of stress analysis are recom- 
mended for high-velocity lines (see ASME PTC 19.3), 

‘Thermowells should be suitable for the stresses resulting 
from stream velocity conditions, The wake frequency (com- 
monly referred to es “Stroukal” or “Von Karman trail”) 
should not exceed 66 percent of the thermowell’s natural fre- 
quency, Where the 66-percent requirement results in a non- 
standard thermowell configuration, all data and perameters 
affecting the design should be reviewed for alternatives. Re 
fer to the ASME Performance Tesi Codes for more detail on 
this pheaomenon. 


5.2.4 MATERIALS 


‘The materials selected for thermowells must be suitable 
for the temperature and corrosion environment encountered. 
For general services in which carbon steel piping is normally 
used, the minimum quality material usually specified is Type 
304 or Type 316 stainless stec). Thermowells in certain cor- 
osive services (such as dilute acids, chlorides, and heavy or- 
ganic acids) require well materials suitable for the specific 
corrosive media. Thermowelts for use in hydrofluoric acid 
alkylation, catalytic reforming (hydrogen service), hydro- 
cracking, and fluid catalytic cracking units require special 
enginecring attention when materials of construction are s¢- 
lected. Some thermowell manufacturers include material s¢- 
lection guides in their handbooks and catalogs, which serve 


as uscful references. 


5.2.5 CONSTRUCTION 


‘Typical thermowell construction and installation details 
are shown in Figures 26-28. Thermowells may be screw 
mounted, as shown in Figure 26, Panc! A; Figure 27, Panel 
Asand Figure 28, Panel A. Van Stone thermowella (see Fig- 
ure 26, Panel C) may also be used; however, where frequent 
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PANEL A—THREADED 


Noves: 
1. The C dimeasion should be at least 24 inches to provide clear pace for 
removal of the thermowell, 

2, When reducers axe installed horizontally, the eccentric type should be 


tuted to prevent pockets. 


Minimum size of 3° 
tor amalter lings, increase 


to 3" as indicated aa 


PANEL B—FLANGED 


3. Flanges should be in scpnedance with ASME H165. z 
“4. The inside diameter of flanged romnecdons should be at least 1 iach. 

5. Elbow installations are preferred for lines 6 inches and amaller in alzs. 
6 Iris preferable for wells to be installed vertically, on lop of the gipe, For 
Fines smalter than 3 inches, any elbow installation must be vertical. 


Figure 27—Elbow installation of Therrmowells 


inspection, special materials (for example, glass coating), 
temperature cycling, or pressure and temperature limitations 
require, flange-mounted wells (Figure 26, Pane! B; Figure 
27, Pane! B; and Figure 28, Panel 8) are commonly installed 
in accordance with piping specifications. When experience 
indicates that rapid temperature response is necessary, ther- 
mowells should be constructed with the minimum wall 


17 3000-pound 
coupling or thradolat 


Minimum size of 6"; 
for smatier lings, a 


thicknesses permitted by operating conditions, Spring- 
loaded thermocouples can be tsed to ensure that the element 
seats at the bottom of the well, thus providing improved ther- 
mal conductivity to the process fluid. Each thermowell 
should be stamped with the tag number of its corresponding 
temperature element. 


PANEL 8—FLANGED 


Increase to G* as needed 


PANEL A—THREADED 
Notes: 
1. The dimension should be at least 24 inches to provide clear space for 
removal of the 


thennowel 
2. Whea reducers are installed horizontally, the eccentric type should be 
‘used fo prevent pockets. 


J, Flanges should be in accordance with ASME B16. 

4, The inside diameter of flanged connections should be at least 1 inch. 
5. Elbow installations aze preferred Tor lines 6 inches and smaller in size, 
6.11 is preferable for wells to be installed vertically, on top of pe. For 
lines smalles than 3 inches, any elbow installation must be : 


Figure 282—Vessel and Line Installation of Thermowells 
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Table 1-—Thermocoupie Materials and Temperature Range 


Normal Temperature 
‘Symbol ‘Teermocouple Materials os *c 
zg 30010 1600-200 t2 900 
Ps Treo-Constantan 30 ty 1400 Ow 750 
x Chromel-Alume!, 300 10 2300-200 1250 
R Platinum, 13% shodiunptatinun — 30003000 O te 1650. 
ry Pistinum, 10% rhodlumlainum 30% 3000, to 1680, 
Tt Copper Constantin +300 0 690-2000 350. 


5.3 Thermocouple Temperature 
instruments 


5.3.1 GENERAL 


The thermocouple materials most commonly used in the 
refining industry are listed in Tabie 1. 


8.3.2 APPLICATIONS 
5.3.2.1 General 


‘Temperature instruments that use thermocouples are some 
of the most generally applied of all temperature-measuring 
devices, They are applicable for a wide range of tempera- 
tures with acceptable accuracy and repeatability. Additional 
information on applications of these instruments can be 
found in ASTM STP 470B. 


$.3.2.2 Fabrication 


Fabrication details for thermocouples are covered in ANS] 
MC 96.1, The most commonly used thermocouple assem- 
blies are metal sheathed and mineral insulated, A sheathed. 
thennocouple provides increased physical and chemical pro- 
tection for the thermocouple wires, can be bent or shaped to 
necessary forms, and allows the junction or sheath to be 
welded to a surface, These assemblies are made by insutat- 
ing the thermocouple conductors with a high-purity, densely 
packed ceramic material (usually magnesium oxide) and en- 
closing the assembly in an outer metal sheath. Outside diam- 
ters range from 0.04 to 0.84 inch (from 1 millimeter to 21 
millimeters) using thermocouple wire sizes from 36 gauge 
up to 8 gauge. Larger wire sizes used in clevated-tempera- 
ture applications tend to increase the durability of the instal- 
lotion, Sheathing matcrial is availabic in a varicty of stainkcss 
ateels, nickel-chromium-iron and nickel-copper alloys (for 
example, Inconel and Monel), titanium, tantalum, platinum, 
and other workable materials. 

‘Two types of measuring junctions (see Figure 29) are in 
general use: 

&. Type A is the standard construction; it has a grounded tip 
welded or silver soldered to the sheath for fast response. 

b. ‘Type B has an ungrounded tip (electrically isolated from 
the sheath) for slower response, 


The choice of which type of junction to install is an engi- 
neering consideration beyond the scope of this document. 
Plant practices and manufacturers’ literature are good 
sources of information. 


5.3.2.3 installation 

Thermocouples are generally installed in thermowells, as 
discussed in $.2. To minimize temperature lag (response 
time), the thermocouple must be in contact with the bottom 
of the well. The comect type of extension wires for the par- 
ticular thermocouple must be used to connect the thermocou- 
ple to the instrument. For information on thermocouple 
extension wires, see 5.3.5, 

Metal-sheathed, mineral-insulated thermocouples are 
cometimes installed with che thermocouple heed separated 
from the thermowell, An example of this type of installation 
is shown in Figure 30. 

‘There are applications in which metal-sheathed, mincral- 
insulated thermocouples are sometimes installed us bare el- 
ements without thermowells, usually to obtain faster 
response. This type of installation should only be used where 
the process fluid or conditions present no risk to personnel 
during removal of the clement. Where thermocouples arc in- 
stalled without thermewells, special wiring tags of « distinct 
color and durable material should be attached as.a waming to 
maintenance personnel. 

Metal-sheathed thermocouples provide longer life and im- 
proved long-term accuracy compared with bare-wire ther- 
mocouptes, Metal-sheathed thermocouples have generally 


Thermocouple 
wire 
= 
een Oo a 
Insulation’ 
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Figure 29—Meta!-Sheathed, Mineral-Insulated 
Thermocouple Assemblies 
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should be pushed to the bottom of the well, and then the tubing nut should be 


Figure 30-—Sheathed-Type Thermocouple and Head Assembly 


been more satisfactory in applications that require long in- 
stallation lengths, such as reactors. 

For field instalation, the thermocouple should not be di- 
sectly connected to a rigid conduit; a flexible connection 
should be used, as shown in Figure 31. 

Particular attention should be paid to the installation so 
that it is possible to vent process fluid from the thermowell 
and conduit in the event of a failure . A seal-off with a drain 
‘at the thermocouple end of the conduit and a seal-off with a 
drain at the point of entry to the control room provide a dou- 
ble block and bleed in case the thermowell fails and process 
fluid or gas enters the conduit (see Figure 30), 

‘The choice of grounded or ungrounded thermocouples is 
dictated by the application. For grounded thermocouples, 
care should be taken to guarantee that a suitable ground is 
provided at the thermowell. Regardless of the type used for 
Measurement, grounding should only be done at one point. 


Ltype condult fitting 


Orain geal 
required 


flexible metal condult o 
¥¢ flexible conduil with TW jacket 
(see note} 


‘Thermocouple 
head 


34" connector. 


8.3.9 TUBE-SURFACE TEMPERATURE 
MEASUREMENT 


A special application of thermocouples is measurement of 
the temperature of che skin or mibe-metal surface of furnace 
tubes. Such installations require careful attention to ensure 
that the thermocouple is properly attached to the tube and is 
shielded from furnace radiation, Care must be exercised to 
minimize mass addition at the point of measurement. The 
addition of mass may result in slower response time and po- 
tential errors in measurement. Gaps between the tube wall 
and the thermocouple junction should be minimized. Many 
companies have their owa standards for this application. 
‘These installations can be costly, are complex, and may not 
be entirely reliable. 

One design for attaching this type of thermocouple to 
heater tubes is shown in Figure 32. Other designs also pro- 


Weep hol Mele union 


on 
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Note: Where TW.jacketed flexible meel conduit is used, it should be vented to relieve pressure in case the ther- 


mowell falla. 


Figura 31—Thermocauple-to-Conduit Connections 
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Figure 32-~Knile-Euge Tubs-Surface Thermocouple for Heater Tube 


vide satisfactory service. Thermocouples of this type are also 
used to measure surface temperatures of the external wal! of 
reactors and other vessels, They require the same care as do 
the furnace-tube surface-temperature installations. 


5.3.4 FIREBOX TEMPERATURE MEASUREMENT 

Thermocouples in fireboxes require some special handling 
because of the wall construction, Figure 33 shows a typical 
installation. 


§.3.5 EXTENSION WIRES 


‘Thermocouple extension wires must have the same elec- 
tcomotive-force temperature characteristics as the thermo- 
couple to which they are connected. This will, in effect, 
transfer the reference junction at the end away from the ther- 
mocouple to a point where its temperature is reasonably sta- 
ble and where the effect of temperature variations can be 
compensated for, The use of incorrect extension wires will 
cause errors in temperature readings by creating extra ther- 
mocouples at the terminal blocks or in the instrument. 

Thermocouple extension wires, which are available either 
in pairs or in bundles with multiple pairs, should be installed 
as described in API Recommended Practice $50. 


Materials for thermocouple extension wires are listed in 
Table 2. For limits of error associated with extension wires, 
refer to ANSI MC 96.1. The sizes normally used for exten- 
sion wire either singly or in pairs are 14, 16, and 20 American 
wire gauge (AWG), with 16 AWG being the most common. 
size used. When bundled and reinforced to provide strength 
for pulling, sizes of 20 AWG and smaller may be used. 


5.3.6 SIGNAL CONDITIONING 
5.3.6.1 


Signal conditioners receive input signals from one or 
more sensors and generate a corresponding output signal in 
a form that can be accepted by monitors or controllers. 

Instruments typically use solid-state digital electronic 
amplifiers or microprocessors that linearize or characterize 
the thermocouple inputs to match the calibration tables. In- 
put impedance is usually very high. 

Thermocouple-burnout (open-circuit) protection should 
be provided and is usually 2 part of the amplifier design. 
Some designs for digital systems provide continuity check- 
ing by generating pulses that, when sent dawn the thermo- 
couple lines, could affect multiplexing signals, 


General 
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‘Tha amplifier should have high common-mode mjection 
to preveat conversion of common-mode to norma!-moie 
voltage. This is extremely insportant fos high-spees measur- 
ing circuits Dut ahould aot be neglected for low-speed cir- 
cuits. 

Ic is normal practice to provide dual thermocouples for 
control loops, 


53.6.2 Thermocouple Transmitters 


‘Thermocouple transmitters can be mounted in the thenmo- 
couple head of in the control room. Two types of field- 
mounted transmitters are available. One is mounted direclly 
on the thermowell, and one is mounied remotely from the 
thermowell. Thermocoupls wransmisicrs mounted on the 


thenmocouple bead may have Jimitetions with regard to ant- 
bisnt-temperature effects, accessibility, vibration, and 
grounding. Transmitors mounted remotely from the ther- 
mowell offer advantages in overcoming these difficultion; re- 
ceiver gauges or meters can be used for local indication. 


5.3.6.5 Multiplexing 

Multiptexing systema gather many thormoosuples (or 
other sensors) together into one or more units. The temper 
ature of the reference junction is measured in the multiplexer 
Unit, The master unit salects one input to be measured, by ei- 
thes ratidom or programmed access. The selected input is 
sonverted to x digital signal ae the field unit The master unit 
receives the signal: performs Hnearization, teference-junc- 


mcppered 
weight of 24° 
{200 dole 5) 
‘steel sheath or showld be of & maicsia) listed in API Recornmended Practice 
350, Pact TD, Table 1-1. 

4. The bead end of the thermocouple should have? incdes of exposed wire, 
‘The ieusa) lnevimon ancuki be removed io a depth of wt beaes Minch andl 


potted with compound. 
5."The 2ALinch ruaxienum immersion leogth docs nat apply to eop-entering 
feoaltations. 


Figura 33-—Typical Firebox Thermocauple installations 
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Table 2—Thermocouple Extension-Wire Materials 


‘ANSI Extension Wire 
Symbol ‘Thermocouple Materials Materials 
BX Chromel-Conetantan (Chromet-Constantan 
x Troa-Constantan ‘Trea-Constantan 
Kx Chrome!-Alumel Chromel-Alumel 
SX Platinum, 10% or 13% shodiumn-platinam — Copper-coppernickel alloy 
x (Copper-Constantan ‘Copper-Constantan 


tion compensation, and scaling; and displays the temperature 
or provides a digital signal for input to a contro! system, 
process computer, or other device. Multiplexing of thermo- 
couples and resistance temperature devices is generally used 
for monitoring applications but is not recommended for con- 
trol because of common-mode failure and limitations on in- 


put scan speed. 
83.7 INPUT CIRCUITS 


The reference junction, sometimes called the cold junc- 
tion, is the junction of a thermocouple circuit that is held at 
a known stable temperature. 

If the temperature of one of the junctions is at a known 
temperature, T,, such as that of melting ice, the measurement 
of electromotive force and hence of AT = (T, — 7.) makes 
it possible to determine the temperature of the other junction, 
T>p by algebraic addition of AT and To (Ty = To + AT). The 
reference junction is usually located in the transmitter, 
multiplexer, or receiver instrument. Electronic or micro- 
Processor-based temperature transminers provide reference- 
junction compensation within the transmitter itself. 

In instances where especially accurate temperature mea- 
surements are required or where the temperature instrument 
is subjected to varying temperatures, the reference junction 
may be external. In addition, when 2 number of very long 
leads are required, a noncompensating cable mey be used 
and a reference-junction compensation device may be !o- 
cated at the termination point of the conventional extension 
wire, Such external reference junctions may be installed in 
an enclosure where the temperature is thermostatically con- 
tolled, Note that the accuracy of temperature measurements 
is no better than the constancy of the reference-junction tem- 
perature or its compensation in the instrument. 


&4 Resistance Temperature 
Measurement 


5.4.1 APPLICATION 


Resistance temperature measurement can provide more 
accurate measurement of temperature then is possible with 
thermocouple installations. Accordingly, resistance units are 
used in many installations where their higher accuracy is 
warranted, such as in measurement of low differential tem- 


peratures. To obtain the higher accuracy and sensitivity in- 
herent in a resistance system and to minimize thermal lag, 
the optimum thermowell dimensions (for the particular resis- 
tance element) must be employed to malntaln good contact 
between the resistance element and the well. For this reason, 
wells for resistance elements are frequently provided with 
resistance bulbs as matched units, 

Resistance temperature measurement can be used in the 
extreme range from ~450°F to +1800°F (-270°C to +980°C) 
and in the practical range from -420°F to +1 500°F (-250°C 
to +800°C), 


5.4.2. RESISTANCE TEMPERATURE DEVICES 


Resistance temperature devices (RTDs) operate on the 
principle of change in electrical resistance on the wire as x 
function of temperature. Two types of wire are generally 
used in reeistanee elements: Nickel is used for temperatures 
up to 600°F (315°C), and platinum is used for temperatures. 
up to 1500°F (800°C). A third type, copper, is used in large 
motor windings for temperatures up to 300°F (150°C). 

Resistance temperature elements are available in many 
configurations, the most common type being a tip-sensitive 
construction. Most resistance elements used in the petroleum 
industry are mounted in a thermowell. When rapid response 
times (5-6 seconds) are required, the sheath can be removed 
and the element used bare in the thermowell. 

The use of transmitters, multiplexers, and microprocessors 
outlined in 5.3.6.2 and 5.3.6.3 is also applicable to RTDs. 
The precautions and practices applicable to thermocouples 
are also applicable to RTDs, with two exceptions: 


a. Ordinary copper wire is used to connect the readout de- 
vice to the sensor. The most commonly used configuration 
provides a one-wire connection to one end and a two-wire 
connection to the other end of the sensor. This compensates 
for resistance and temperature change in the lead wire. 

b, The reading is absolute, so a reference junction is not 
needed. Elements that conform to one of two different curves 
are available: On the European (DIN)-curve, R-=0.00385 
ohms per ohm per degree Celsius, and on the American 
(SAMA) curve, = 0.00392 ohms per ohm per degree Cel- 
sius. The type of curve that is applicable should be included 
when senders and receivers are specified. Both curves are 
based on a sensing-element resistance of 100 ohms at 0°C. 
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6.4.3 EXTENSION WIRES 

The individual extension wires (usually three) from the re- 
sistance element may terminate in a connection head or 
quick-disconnect fitting or extend directly to the measuring 
walt. A connection head is usually employed, and the wires 
are frequently run in a three-wire cable to the board-mounted 
resistance-temperature-measuring instrument, The wire nor- 
mally used is 18 AWG stranded copper. 

‘Where multiple installations of resistance elements are in 
Place, the wires can be riin (o a field terminal strip. A multi- 
conductor cable can then be used to bring the signals into the. 
coutrol panel The wire in the multiconductor cable may be 
26 or 22 AWG; however, for long distances, the manufac- 
turer should be consulted regarding allowable wire resis- 
tance, The number of junctions or termninations in the lead 
wire should be kept to a minimum, Refer to 5.3.6.3 for the 
use of multiplexers with transmission systems. 


§.4.4 RESISTANCE TRANSMITTERS 

Attaching resistance elements to locally mounted convert: 
ers allows use of standard transmission signals and offers 
more flexibility in receiver equipment. Refer to 5.3.6.3 for 
multiplexer applications. 


5.5 Dlal Thermometers for Local 
Temperature Measurement 

Dial thermometers are the most common thermometers in 
industrial use. They are frequently of the bimetallic type with 
efrcular disis and arc available in a wide range of tempera: 
ture scales and styles. Dial thermometers that use filled sys- 
tems are also available (see 5.6). The most common type has 
‘an angle orientation. Care should be taken to ensure readabil- 
ity of the dial from 4 convenient location while protecting it 
from damage by falling objects and the like. Some mannfac- 
turers offer a Version that can be adjusted to various angles. 
For applications at temperatures below -22°F (~30°C), it 
May be desirable to use # filled-system type. Refer to manu- 
facturers’ catalogs for guidelines on the use of such systems. 


5.6 Filled-System Temperature 
instrumeénts 

5.6.1 GENERAL 

A filled thermal system is a closed system that contains a 
‘fluid fill (the temperature-sensitive medium) and is com- 
posed of a butb, an expansible device (for example, Bourdon 
tube, diaphragm, capsule, bellows), and a capillary tube op- 
eratively connecting the two. Special attention should be 
paid to bulb insertion length to ensure that the entire sensi- 
tive leagth is placed in the active zone, 


8.6.2 APPLICATIONS 
The use of filled-system devices is limited by the capillary 
tubing that may be employed and the maximum téempernture 


to which the bulb may be exposed. Systems with compensa- 
tion are built to self-adjust for changes in temperature either 
of the case or of the capillary and case. This self-adjustment 
assures accurate measurement of the temperature where the 
bulb is located. Dimensional, functional, and physical char- 
acteristica vary depending on the manufacturer. Application 
information and the classes of thermal systems that arc in 
Renezal usc can be found in manufacturers” catalogs, 


6.6.3 SELF-ACTING TEMPERATURE 
REGULATORS 

Where precise control is not essential, sclf-acting temper- 
ature regulators are frequently used, These devices uso ther- 
mal expansion systems and direct-operated valves, In 
operation, an increase in temperature expands the liquid in 
the system and thereby operates the valve. Many different 
fluids are used, and bulb sizes and filling fluids vary with the 
temperature range. As with other temperature-sensing inatru- 
ments, bulbs shauld be protected by thermowells, 

Valve operators are in bellows form. The bellows may op- 
erate either a valve or a pilot valve that controls line Avid for 
actuating power to operate the main valve, Temperature in- 
dication in the form of a dial mounted on top of the vatve 
and operated by the same thermal system is available from 
some manufacturers. Some form of temperature indication is 
always desirable with these self-contained devices, 


5.6.4 TEMPERATURE TRANSMITTERS 

‘Temperature transmitters may use any one of several types 
of filled systems, together with pneumatic transmitters and 
amplifiers, to convert the measured temperature to an air sig- 
nal. 


5.6.5 INSTALLATION GUIDELINES 


in all installations of filled-system temperature instru- 
ments, it is necessary to protect the bulb and cepillary nbing 
from mechanical damage. It is usually desirable to use ar- 
mored capillary tubing and to support the wibing run between 
the bulb and the controller or transmitter to protect it from 
accidencat damage. The capillary tubing should not be cut, 
‘opened, or pinched in any manner. For safety purposes, the 
vent hole on the top of the bulb packing gland should be free 
trom obstructions. 


§.7 Radiation Pyrometers 

Radistion pyrometers are special instruments used in 
fired-heater service in refineries, petrochemical, and syn- 
thetic fuel plants. Their normal range of use is between 
20°F and 7000°F (~30°C and 3900°C). They are nonlinear 
in output and have an accuracy of about 2 percent. There is 
no easy way te calibrate the units. They detect high temper- 
atures and offer the advantage of rapid response and noncon- 
tact measurement. 
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A radiation pyrometer measures the temperature of an ob- 
ject optically, without physical contact, by determining its 
emitted energy. Every object emits radiant energy; the inten- 
sity of this radiation is a function of the object’s temperanuse. 
Infrared radiation is measured in most applications, but ultra- 
violet radiation is measured in some instances. 

In refinery applications, most radiation pyrometers used 
are used in the high-temperature range. Since these are spe- 
cial applications, the user should work closely with the man- 
ufacturer, Phage assemblies may be required for cooling and 
for keeping the optical lens clean. A typical installation is 
shown in Figure 34, 

If the radiation pyrometer is to measure absolute temper- 
ature, the effective emissivity (the emissivity of the target 
material in the spectral range of the radiation pyrometer) 
must be determined. This can be done indirectly by applying 
the radiation laws of physics or experimentally by character- 
izing the material at 2 known temperature, Target nonunifor- 
mitiea stich a8 significant temperature changes in the 
material, the nonhomogencous nature of some materials, or 
a basic product change all represent cases in which an ab- 
solute change in effective emissivity is exhibited. 


When a properly designed industvial instrument is used, 
background radiation effects are not a detrimental factor as 
Jong as the infrared field of view covers only the target area. 
Reflection from the background area should be minimized to 
reduce spurious effects of radiant energy from sowrces other 
than the target. Infrared instruments are designed to mini- 
mize these background conditions, but energy overlays in the 
electromagnetic spectrum canmot be completely eliminated 
without impairing the accuracy and performance of the in- 
strument. 

Optical pyrometers ate radiation pyrometers that operate 
within the visible spectcum. They usually rely on visual 
comparison of a filtered view of the target with an internal 
reference. The subject surface must be hot enough to give off 
visible radiation, typically above 1400°F (760°C). in appli- 
cations where infrared or optical pyrometers are used, errors 
may be introduced if the target surface refects radiation from 
other hotter surfaces, including radiation from direct sun- 
light. Errors may also be introduced if the path is partially 
obstructed by absorbing materials such as fumes, smoke, or 
glass. 


SECTION 6-—PROCESS AND ENVIRONMENTAL PROTECTION 


6.1 Scope 

‘This section describes recommended techniques for pro- 
tecting instruments from adverse process and ambient envi- 
ronments. These techniques include sealing, purging, and 
heating. Fireproofing is not included in the scope of this doc- 
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ument; refer to API Publication 2218 for practices related to 
fireproofing instrumentation. 

A seal can be a mechanical barrier between the process 
and the instrument, or it can be a section of piping filled with 
process fluid or an immiscible seal fluid. 


View-port alr purge, 
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Figure 34—Typical Radiation Pyrometer Installation 
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A purge can be elther gas or liquid. Since there is acon- 
stant flow of parge material entering the process, caro must 
be taken to ensure compatibility of the purge Guid with the 


Process. 

Heating is used to prevent the fluid between the process 
and the instrument from freezing or otherwise becoming too 
viscous to flow casily, The heat can come from the process 
or from steam or electrical tracing. 

‘These techniques are typically applied to pressure gauges, 
Pressure transmitters, differential-pressure transailttess, apd 
the piping that connects these instruments to the process. 
Analyzers may require specialized heating techniques and 
are discussed in API Recommended Practice 555. 


62 General 


To obtain the reliabllity expected of a refinery installation, 
it is important that process and environmental protection of 
the instruments be considered early in the project. The basic 
tequirements (heating, sealing, and purging) should be de- 
fined on the piping and instrument diagram or otherwise doc- 
umented. 

Most of the transmitters currently available are designed 
with measurement elements that have little displacement 
over the measurement range. Theso should be used when- 
ever a protection system is required. 


6.3 Seals 
6.3.4 DIAPHRAGM SEALS 


Diaphragm seals are used when the process fluid must be 
positively isolated from the measuring instrument. They are 
generally used in slurry service and when the process fluid is 
toxic or corrosive or at clevated temperatures, They can also 
be used 10 reduce heating requirements when freezing or 
high viscosity is a problem. 

Pressure-gauge and pressure-switch seals (sec Figure 35) 
usually consist of 2 diaphragm and a diaphragm holder into 
which the instrument is connected; a seal fluid is enclosed in 
the chamber between the diaphragm and the gauge. The 
holder, diaphragm, and gasket materials are selected 10 be 
compatible with the process fluid. The diaphragm is gener- 
ally welded into the holder, but it may also be clamped and 
gasketed. The seal fluid should be nonflammable, have low 
vapor pressure and thermal expansion, and in the case of di- 
aphragm rupture, be compatible with and noncontaminating 
to the process. 

Seals for pressure and differential-pressure transmitters 
are available in a variety of configurations. A common style 
is a diaphragm mounted in a wafer, clamped between piping 
flanges, and connected to the transmitter with an armored 
capillary (see Figure 36). This style, which uses two seals, is 
used for flow metering and level measurement in vessels un- 
der pressure ot vacuum. In some spplications, capillaries can 


Diephragm seal 


PIPING SEAL 
Figure 35—Seals for Pressure Gauges 


be as long as 35 fect (10 meters}, To avoid measurement er- 
rors, it is necessary to select capillaries of equal length and 
maintain them at the seme temperature. To maintain good re- 
sponse and minimize temperature gradients on the capiliar- 
ies, the capillary tength should be as thort as possible. 

A similar style, which uses ont seal. is used to measure 
pressure or the differential pressure between two streams 
when only one stream requires a seal. Measurement of dif- 
ferential pressure between combustion fuel oil and atornizing 
steam is an example of this application. 

‘The level in atmospheric tanks can be measured with a 
seal assembly attached directly to the transmitter body. 
‘When no condensable materials are contained in the vapor 
space above the liquid, it is possible to connect a reference 
line to the low-pressure side of the transmitter and use it for 
measurement in a vessel under pressure. 

Other styles are available for direct connection to special 
ized metering devices with chemica) tees. Diaphragms can 
also be provided with extensions to reduce the volume of 
process-fluid pockets. 

‘Whenever it has been determined that a diaphragrn seal is 
required, the user should work closely with the supplier to 
ensure that the instrument configuration is appropriate for 
the application. Care should be taken to ensure that the seal 
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LIQUID LEVEL OF DIFFERENTIAL-PRESSURE TRANSMITTER 
Figure 36-—Diaphragm and Capillary System 


fluid will operate over the required temperature range and be 
compatible with the process. 


6.3.2 LIQUID SEALS 


Tn many standard transmitter installations, the seal is the 
process fluid (see Figures 35 and 37). Most liquid flowme- 
tera, steam meters, and condensable-vapor meters are sealed 
in this mannet. The liquid cools, and the transmitter is not 
subjected to the process temperature, In many locations 
where steam is used, the condensed water must be protected 
from freezing. Whenever possible, the process fluid is the 
most desirable seal liquid, since a fresh supply is readily 
available in the event that the seal is Jost through leakage or 
mmisoperation, 

If a process stream contains hydrocarbons and water, it is 
likely that the Auid in the impulse lines will separate into two 
phases. If the transmitter is a flowmeter, different amounts of 
‘water could accumulate in the two sections of the piping, 
which could result in measurement errors. To prevent this, 
the piping should be filled with water or an ethylene-gly- 
col—water mix, or else water-dropout pots (see Figure 37) 
should be used. In many locations, the use of glycol-water 
can eliminate the need for heating. Figure 38 shows a plot of 
the true freezing temperature of ethylene-glycol-water mix- 
tures. 


‘The seal fluid raust be compatible with the process stream. 
‘The selected fluid must have a density higher than that of the 
process stream. It should be noncorrosive and have a low va- 
Por pressure at the process temperature. Whenever non- 
Process seal fluids are used, permanent warning tags or 4 
special paint color should be ysed to indicate that a special 
seal fluid is enclosed. 


6.4 Purges 


6.4.1 GENERAL 


Although purges are difficult to maintain, aome process 
measurements are made possible only by the use of purging. 
Purge fluids are introduced into the instrument impulse lines, 
manifold valves, or the instrument itself and flow out 
through the process connections. The purge fluid serves to 
seal the instrument and sweep the lines clean of the process 
material, The purge fluid must be compatible with the 
process stream. Purge systems are commonly used on solids- 
bearing streams, streams subject to coking or solidification, 
and streams carrying corrosives or other contaminants that 
might damage the instrument or its connections, For solids- 
bearing streams, the purge instrument connections to the 
process should be vertically up or angled up, Figure 39 
shows typical purging arrangements. The addition of purge 
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Figura 37—Liquid Seal Installations 


fluid close to the measurement connection minimizes pres- 
sure drop duc to the flow rate of the purging fluid. In some 
instances it is advisable to inject the purge fiuid at the instru: 
Ment, but this type of installation requires particular care in 
the design of the impulse piping and establishment of the 
purge flow rate to avoid measurement error. 

‘Purge systema do not always eliminate the need for heat- 
ing, Ccctain viscous stroams soquire heat wacing not unly for 
the jastrument and its connections but also for the line sup- 
plying the purge fluid, 


842 PURGE FLUIDS 


Purging of instrument lines requires 2 suitable purge fluid 
liquid or gas) at a pressure higher than the maximum 
Process pressure possible at the point of measurement. This 
ensures continuous flow inte the process connection. The 
purge fluid should be clean, free from solids, and compatible 
with and noncontaminating to the process, The temperature 


of the purge fluid should not cause a change of state (flash- 
ing, condensation, or solidification) of the process or purge 
fluid, 

The reliability of the source of supply is an important con- 
sideration. A source independent of the process is preferable 
so that it is available even when the process is not operating 
normally. 


6.4.3 RATE OF FLOW 


‘To be effective ths purge fluid must be fed to the system 
continuously at a controlled rate, Restriction orifices, purge 
meters, or at bigh pressure, plunger pumps are used to deter- 
mine and limit flow. Where the pressure at the point of mea- 
surement varies appreciably, a differential-pressure regulator 
should be used in conjunction with a restriction orifice or 
purge meter to ensure a constant purge. 

Too many factors are involved to attempt to set high ow 
limits, If errors exist ag a result of excessive purge flow rate, 
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Figure 38—Freezing Points of Ethylene-Glycol-Water Mixtures 


ercors can be detected by momentarily stopping the purge , 9.5, or 12 millimeters). The %-inch (6-millimeter) orifice 
flow and observing the transmitter output. Care should be drilling may prove restrictive for the higher purge rate. 

exercised in calculating purge rates to orifice flanges because For gases, typical purge velocities range from 5 to 50 
the orifice tap is bottom drilled to a depth of %. %, or # inch inches per second (2 to 20 centimeters per second). For liq- 
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Figure 39—Purge Installations 
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uid, typical purge velocities range from 0.1 10 4 inches per 
second (0.4 to 1.6 centimeters per second), Figure 40 shows 
recommended purge rates for various tap drilling sizes. The 
flow rate to each tap on an orifice meter installation should 
be the same. 

The parge rotameter is the most convenient device for de- 
Nowa: Glase-tube rouameters should not be used for hydmacarbons ar haz- 
ardogs chemicals, 


A standard purge rotameter with a range of 0.38-3.8 gallons 
per hour (1.4-14.0 titers per hour) of water or 0.2-2.0 actual 
cubic feet per hour (6.0-60.0 liters per hour) of air is nor. 
mally satisfactory fot purging clean fluids: however, where 
the process fluids tend to clog or deposit sediment, the rate 
should be increased. 

Properly sized and installed restriction orifices provide re- 
Hable service when the pressure across them is properly reg- 
ulated, ‘The How rate of liquids or gases through such orifices 
can be calculated by formulas found in flow metering, me- 
chanical engineering, and similar handbooks. The catculated 


orifice sizes are normally rounded to the nearest standard 
drill size, 
6.5 Heating 
65.1 GENERAL 

The ceed for housings, heating and insulating instruments, 
and impulse lines will depend on the severity of the winters 
in the locality. In existing plants, past experience normally 
determines the extent of protection required. Where experi- 
ence is act available, official weather-service data should be 
used. To erisure that the instruments remain operable under 
the most severe Conditions, the design should be based on 
the lowest temperature and highest wind velocity for the 
coldest month of the year. Where applicable, the use of either 
steam or electrically heat-traced tubing bundies can siraplify 
installation and reduce future maintenance problems. Manu- 
facturers of heated and insulated enclosures test their prod- 
ucts at various temperature and wind-velocity conditions and 
should supply performance data that are helpful in syste 
design. 
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Figure 40—Oritice Tap Purges for Flowmeters 
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Anstrument and impulse lines that contain dry, nonviscous, 
nonfreezing fluids with pour points below the minimum tem- 
peratures encountered require no beating or winterizing pro- 
tection, but such materials are rarely found in refinery 
processing units, Most refineries, particularly those that must 
design for subfreezing temperatures, consider many process 
fluid streams to be water bearing and all process gas streams 
to be water samrated, so systems are designed accordingly. 

In designing a heating system, it is usually necessary to 
consider instruments in the following four general cate- 
gories: 


a Instruments for measuring and controlling process 
streams thai have pour points below 32°F (0°C), such as 
gases, light hydrocarbons, and intermediate distillates. Al- 
though some of these streams, when wet, form hydrates that 
solidify above 32°F (0°C), it is usually sufficient mesely to 
warm such systems to prevent the formation of ice. There- 
fore, such installations are designated warming services. 

b. Instruments for measuring and controlling streams with 
elevated pour points, such as pitch, heavy residuals, and 
process chemicals such as phenol that solidify above 32°F 
(0°C). In such systems it is necessary to keep the tempera- 
ture of the process fluid above its pour point to ensure free 
flow, Such installations are designated high-pour-point ser- 
vices. 

c. Special instrumentation and piping systems, which often 
require additional protection for operation and maintenance 
tailored to the service involved. Process stream analyzers 
and their sampling systems are an example. 

d. Instraments with specific temperature limitations, both 
maximum and minimum, imposed by the manufacturer to 
ensure accurate and reliable operation. 


Although no well-defined limits have been determined for 
the categories above, each has requirements and limitations 
that must be considered. regardless of the heating method 
used. The most common heating methods are steam heating 
and electrical heating, and each has specific characteristics 
that are advantageous if used properly. 


6.5.2 STEAM HEATING 
6.5.2.1 General 

Since steam is normally available in refinery process 
units, steam heating has the advantage of being readily ac- 
cessible. Stoam eupplica high-density heat from condenss- 
tion, and large quantities of heat can be obtained froma 
single tracer line. On the other hand, steam delivers heat ata 
temperature that corresponds to the saturated steam pressure 
in the tracer, a minimum of 212°F (100°C), which may aver- 
heat some instruments or impulse lines unless care is exer- 
cised. 

For most installations, a steam-tracing and heating system 
should be provided that is independent of process operation, 
equipment maintenance, and unit shutdown. In subfreezing 


climates, it may be necessary to take this supply from the 
main steam header and to provide a pressure-reducing sta- 
tion that can be adjusted to meet winter and summer ambient 
conditions, Steam pressure can be adjusted to minimize 
overheating when the “heavy-tracing/light-tracing” concept 
shown in Figure 41 is used during initial installation, 

‘The use of automatic regulators that sense ambient tem- 
perature and regulate steam pressure in tracing lines should 
‘be considered, These valves can minimize problems associ- 
ated with overheating and freezing of lines, 


65.2.2 Steam Tracing for Warming Services 
6§.2.2.1 General 

‘Warming services require steam tracing to prevent the for- 
mation of ice and hydrates and undesirable gas condensa- 
tion. The problem, however, is to avoid overheating, which 
ean cause boiling in the instrument and lines or which can 
cause damage. Danger from overheating can be minimized 
by “light tracing,” in which direct contact between the hot 
tracer and the line or instrument is prevented by the use of 
insulation or spacing (see Figure 41). 


65.2.2.2 Instrument Housings 


Where weatherproof transmitters for pressure and flow in- 
struments can be close coupled to the point of measurement, 
heating can be simplificd by using a molded insulating plas- 
tic enclosure that fits snugly around the instrument and is 
strapped in place to prevent moisture from entering, This 
unit protects and insulates the instrament and allows the use 
of several techniques for heating. Another method of provid- 
ing heat within the enclosure is to use a radiant heater. This 
method simplifies servicing because the heater is not con- 
nected to the instrument. 

Ingulated plastic enclosures are available for all types of 
transmitters, and special types are available that enclose con- 
nection valves and manifolds of specific configuration. 
‘These enclosures (sec Figure 42) can be used for transmitters 
that cannot be close coupled, for example, pressure and flow 
transmitters for which the point of measurement is not acces- 
sible. 

Where weatherproof instruments are not used or where 
the instruments require frequent servicing or access, use of a 
heated and insulated housing is required. Various types of 
housings and their mountings are shown in detail in Fignre 
43, Housings should be rainproof, dustproof, and corrosion 
resistant, 

Housings should provide sufficient working space for rou- 
tine maintenance and should have access doors sized and lo- 
cated for easy removal of the instrument or instruments. 
Lines should enter through the bottom or sides of the hous- 
ing, and the entry to the housing should be adequately 
sealed. Observation windows are available. Insulation and 
heating coils may be factory or field installed. 
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Figure 41—Steam Tracing and Insulation for 
Instrument Lines and Pressure Gauges 


§.5.2.23 Tracing Methods and Materials 


The arrangement shown in Figure 42 is normally used 
with the heavy-tracing/light-tracing methods shown in Fig- 
ure 41, with minor variations required for specific cases. The 
supply header should be above the equipment to be traced, 
Each branch, which should serve only one instrument, or 
each widely separated lead line should come off the top of 
the header and be supplied with a shutoff valve. Ideally, trac- 
ing should slope downward continuously to prevent pockets 
and facilitate drainage. Where pockets cannot be avoided, 
the diagram and equation in Figure 42 should be consulted 
for guidance. 

A separate trap and condensate isolating valve should be 
provided for cach tracer. Where steam tracing is extensive, & 
tracing piping plan should be provided to show the location 
of steam shutoff valves and associated instruments, traps, 
and condensate isolating valves, The stearn and condensate 
shutoff valves nearest the instrument should be permanently 
tagged with the associated instrument designation. Temper- 
ature-sensitive traps that are specifically designed for heating 
and warming services are available, These often serve as a 
combination trap and control thermostat. The isolation 
valves, traps, and thermostats should be installed to allow for 
ease of checking and maintenance. Installation procedures 


and maintenance requirements are usually defined by the 
supplier. 

Copper or staintess steel tubing sized for the particular 
service should be used to carry the heating steam. Aluminum 
tubing should not be used because {t is subject to corrosion, 
particularly by magnesia insulation. Carbon steel tubing 
rusts net only externally but intemally when heating is sea- 
sonal or intermittent. The internal rust clogs or damages 
traps. 

Joints in tracing tubing should be avoided if possible. 
‘When joints are necessary, they should be made outside the 
insulation with expansion loops to prevent stress on the fit- 
tings. Only high-quality fittings should be used. To protect 
personnel, the loops should be separately insulated, Exam- 
ples of methods of tracing different types of instruments are 
shown in Figures 4446 


6.5.2.2.4 Insulation and Protective Covering 


The entire tracing system for impulse lines should be care- 
fully insulated and waterproofed, Particular care should be 
used at the point of measurement and at the entry into the in- 
sulated enclosure. A durable protective cover should be 
used. Where stainless steel tubing is used, chloride-free insu- 
lation must be specified to prevent stress corrosion cracking, 
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‘The system should be designed and installed to minimize 
dagnage to the insulation during routine service or mainte- 
aance. Commercially available insulating enclosures de- 
signed to allow for routine maintenance can be used. 


65.2.3 Steam Tracing for High-Pour-Point 
Materials 
6.5.2.3.1 General 
‘The differeace between warming service and high-pous- 
point service is the t@mperature required to keep the material 
fluid in the instrument and impulse lines. When low-pressure 
(ess than 50 pounds per square inch absolute (350 kilopas- 
cals)] steam heat is used for high-pour-point service, heavy 


tracing is required, a8 shown in Figure 41. More heat transfer 
can be achieved by using heat transfer cement of more than 
one tracer. As a general precaution, care must be taken wo en- 
sure that the high-temperature limit of the instruments and 
the temperature/pressure rating of the tubing are not ex- 
ceeded. 


6.5.2.3.2 instrument Housings 


Housings for instruments in high-pour-point service are 
usually identical to those used for instruments in warming 
service, except that # larger coil is required and extra protec- 
tion may be necessary to prevent maintenance personne! 
from being bumed. 
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Figure 42——-Steam Tracing and Heating 
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Figure 43—~Instrument Housings 


65.2.3.3 Tracing Methods and Materials 

‘Tracing methods for high-pour-point service are similar to 
those used for warming service, except that heavy tracing 
should be used. Materials for tubing and fittings are identicst 
to those used in warming service, 


6.8.2.3.4 Insulation and Protective Covering 

Insulation snd protective covering for high-pour-point ser- 
vice are similar to those used for warming service, except 
that in some cases, heavier insulation may be required. 


6.8.3 ELECTRICAL HEATING 
8.8.3.1 General 

Electrical beating is widely used. When heating elements 
are selected, care should be exercised to ensure that they are 
mt potential sources of ignition. Several types of cable are. 
available (for example, mineral insulated and self-limiting). 
Fittings, relays, and thermostats must be suitable for the arca 
classification, Guidance in meeting these requirements is 
given in NFPA 70, Article 500, Local codes must also be fol- 
lowed. 


Several considerations are involved in the design and in- 
stallation of electrical heating to ensure that the heating sys- 
tem will operate properly during start-up and continued plant 
operation, The thermostat sensor must be located properly 
and set at the correct temperature. The thermostat should be 
installed so that its setting can be checked with the thermo- 
stat in place, A means of indicating that the cable is function- 
ing properly is required. 

‘Special care should be exercised during installation to fol- 
low the manufacturer's recommended practices conceming, 
for example, minimum bend radius and weather protection, 
‘The factors outlined in 6,5.3.2 and 6.5.3.3 should be consid- 
ered in the design and installation of electrical heating. 


653.2 Electrical Tracing for Warming Services 
65.3.2. General 

Electrical heating to prevent the formation of ice and hy- 
drates and the condensation of undesirable vapor has proved 
to be economical and trouble free. If the thermostat is set 
ploperly and the tine waving ts designed for the required heat 
delivery and heat distribution, overheating is seldom a prob- 
lem, 
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Self-limiting cable bas several advantages far warming 
service. No thermostats are required to operate the system 
(that is, maintenance costs are reduced), and the self-Hmiting 
cable eliminates the potential for hot spots. In some cases, 
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Figure 44—Steam Tracing and Insulation for 
External Displacement Level Instrument 


the trace heating for the piping and the instrument can be 
combined to reduce cost. 


6.5,3.22 Instrument Housings 

Molded plastic enclosures are available with electric 
heaters. Most warming installations of this type are success- 
ful even in severe climates. A typical insulated box enclo- 
sure is shown in Figure 47. The enclosure manufacturer 
ahould be consulted ro ensure that the design fs adequate for 
the specific ambient temperature and wind velocity. 


6.5.3.23 Tracing Methods and Material 

The tracing methods shown in Figures 48 and 49 are ade- 
quate for most installations, ‘The use of electrically traced 
‘bundled tubing (see Figure 50) may be advantageous. 


6.5.3.24 Insulation and Protective Covering 
Insulation and protective covering should be destgned and 
installed for maximum weatherproofing and mechanical pro- 
tection. The design should permit repair or removal of the in- 
strument without damage to either insulation or sheathing. 


6.5.3.3 Electrical Tracing for High-Pour—Point 
Materials 
6.5.3.3,1 General 

Electrically traced instruments in high-pour-point service 
require more heat and higher temperature than do instru- 
ments in warming service. The heat tracer must therefore be 
in continuous contact with the impulse lines for good heat 
transfer, Sheath materials for cable have maximum allow- 
able surface temperatures. These temperatures must be 
checked to ensure that the sheath material used has a high 
enough rating. 

If bundled tubing is used, the maximum allowable temper- 
ature of both the tracer and the bundle insulation must be 
checked. Instrument housings and wacing and insulation 
methods are similar to those used in warming service. 


6.5.3.3.2 Instrument Housings 

Instrument housings for high-pour-point service are sim- 
ilar to those described for warming service, with additional 
heat supplied where necessary, 


6.5.3.3.3 Tracing Methods and Materlals 
Tracing methods and materials tor high-pour-point service 
are the same as those described for warming service. 


6.5.3.3.4 Insulation and Protective Covering 

Because of the high-density heat used in high-pour-point 
service, insulation must be heavy and installed with particu- 
las care, Bare spots or poorly insulated areas that may cause 
localized solidification of stagnant material in the lines or in- 
strument cannot be allowed. 


Manifold 


LLL LLL TAZ 


Cert 


‘Note: All tracers khould have a shutoff valve at their source, as well as a sicam trap or valve termination for con- 
doasate disposal. 


Figure 45—Typical Steam Tracing for Flow Transmitter 
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Figure 46—Typical Steam Tracing for 
Pressure Transmitter 


Figure 47—Typical Electrical Tracing and 
instrument Enclosures 
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Figure 48—Electrical Tracing and insulation for 
Pressure Gauges 
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Figure 49—Electrica! Tracing and Insulation for Level Instruments 
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‘Nota: To conserve heat, insulation should be Installed from the end of the bundle to the process connection. 
Figure 50~-Electrical Tracing and Insulation for Instruments 
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